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In  an attem pt to  determ ine th e  p re fe r r e d  s tereo ch em istry  
o f  th e S,j2* r e a c t io n  o f c y c lo h e x -2 -e n - l-y l  system s, i t  was 
d e s ired  to  study th e  r e a c t io n s  o f  th e  c i s  and tra n s  6 -a lk y l  
c y c lo h e x -2 -e n - l-y l  2 ,6 -d ich lo ro b en zo a te s  (B l,  82 , 83; 3 9 j 40 , 
41) w ith  p ip e r id in e . Problems encountered in  the p rep aration  
o f  th e se  s u p e r f ic ia l ly  sim ple compounds fo rced  th e  cu rta ilm en t  
o f  t h i s  e x e r c is e ,  however, and on ly  th e tra n s  6- i s o propyl 
e s t e r  (40) was s u c c e s s fu l ly  obta ined  in  a pure s t a t e .  Attempt 
were made to  f in d  oth er 6 -a lk y l c y c lo h e x -2 -e n - l-y l  d e r iv a t iv e s  
which would be s u ita b le  su b str a te s  fo r  r e a c t io n  w ith  p ip e r id in e  
These were found in  th e c i s  and tr a n s  3 ,5 “d in itro b en zo a te s  (8 4 ,  
85) ,  and the c i s  p -n itro b en so a te  ( 87) .
A n a ly s is  o f th e  r e a c t io n s  o f  th e se  compounds w ith  
p ip e r id in e  was complex -  the e s t e r s  rea c ted  by s u b s t itu t io n  
( V ’ V  ) and a m in o ly s is , and were su b jec t to  iso m e r isa t io n ,  
by e p im er isa tio n  and a l l y l i c  rearrangem ent, duriny the course  
o f  r e a c t io n . However, i t  d id  e v e n tu a lly  prove p o s s ib le  to  
e s t a b l is h  th a t  the 5TT2* r e a c t io n , when in v o lv e d , proceeded on ly  
in  syn fa s h io n , r e g a r d le s s  o f  the i n i t i a l  c o n fig u r a tio n  o f  the  
su b s tr a te . The co n fig u ra tio n  o f  the S,T7* prod u cts (22Q, 43) 
was confirm ed by t h e ir  com parison, a f t e r  h y d r o s n a t io n , w ith  
a u th e n t ic a lly  prepared ! ! - (4 -a lk y l c y c lo h e x y l)  p ip e r id in e s  ( i f f ,  
1 9 6 ).
The com p lex ity  o f th e  r e a c t in y  system  p reclu ded  f u l l  
k in e t ic  a n a ly s is -  but i t  was p o s s ib le  to  determ ine approximate 
i n i t i a l  r a te s  fo r  the syn - - y ' - *  r e a c t io n s  o f the c i s  and t r m  
3 ,8 -d in itr o b e n z o a te s  (8 4 , 85) w ith  p ip e r id in e .
The im p lic a t io n s  o f th ese  f in d in g s  are d is c u s se d .
INTRODUCTION.
The S ^ 1 r e a c t io n .
H is to r y .
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1# The S.t2 ’ r e a c t io n . N --------------------
The i n t r i n s i c  s tr u c tu r a l s im p lic i t y  o f  th e  a l l y l i c
framework (l^) masks a co m p lex ity  o f  chem ica l b ehaviour which has
p u z z le d , and fa s c in a te d  organ ic  ch em ists  f o r  many years*
The p resen ce  o f  th e  double bond in  th e  p o s i t io n  c o n fe r s
enhanced s u b s t i t u t io n a l  r e a c t iv i t y  upon d is p la c e a b le  groups in
th e  a l l y l i c  p o s i t io n  (oc). T h is s im p le r e a c t i v i t y  enhancement i s
overshadowed, how ever, by th e  ea se  w ith  which a l l y l i c  system s
undergo rearrangem ent ( l ^ 2 ;  3-*\4)# Thus, in  p r a c t ic e ,  a l l y l i c
system s undergo s u b s t i t u t io n  r e a c t io n s  w ith  v a ry in g  amounts o f
concom itant rearrangem ent*
The s im p le , or "normal", s u b s t i tu t io n  o f  an a l l y l i c  system
i s  d e s ig n a te d  an S r e a c t io n  ( l* * 3 ;  2 -*4 )*  In  t h i s ,  no
rearrangem ent accom panies th e s u b s t i tu t io n  r e a c tio n *
The s u b s t i t u t io n  p lu s  rearrangem ent, or  "abnormal"
s u b s t i t u t io n ,  r e a c t io n  o f  an a l l y l i c  system  i s  d e s ig n a te d  S'
( l-> 4 ?  2-^3)*  H ere, s u b s t i t u t io n  i s  a tten d ed  by t o t a l
rearrangem ent and th e  product has th e  "incoming" s u b s t itu e n t  (Y)
a tta ch ed  to  a carbon atom two removed from th a t  which bore th e
"outgoing" s u b s t itu e n t  (X)*
Such s u b s t i t u t io n  r e a c t io n s  may be e i t h e r  n u cT eo p h ilic  or
e l e c t r o p h i l i c ,  d e s ig n a te d  by th e  s u b s c r ip ts  N and E, r e s p e c t iv e ly ,
and may in v o lv e  e i t h e r  a u n im o lecu la r  or b im o lecu la r  t r a n s i t io n
s t a t e ,  d es ig n a ted  by th e  s u f f ix e s  1 and 2 , r e s p e c t iv e ly .
Thus, th e  S..2* r e a c t io n  i s  d e f in e d  as " b im olecu lar  
I*
n u c le o p h il ic  s u b s t i t u t io n  w ith  a l l y l i c  rearrangem ent" ( l -> 5 )*
In  g e n e r a l ,  th e  3^2* r e a c t io n  i s  not c o m p e tit iv e  w ith  
"normal" S^2 r e a c t io n  in  a l l y l i c  system s and stu d y  o f  th e  Sjj2*
2
X = CH(C02Et)2
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b. R = Et 77% 2 3 %
r e a c t io n , th e r e fo r e , r e q u ir e s  th a t  i t s  r a te  he enhanced r e l a t iv e  
to  Sjj2 r e a c tio n *  T h is  i s  commonly accom plished  hy d e c r e a s in g  
th e  r a te  o f  S^2 r e a c t io n  hy th e  u se  o f  s t e r i c  " b lock in g  groups" 
on th e  o c -p o s it ic n  o f  th e  a l l y l i c  system , a lth o u g h , as w i l l  he 
dem onstrated  l a t e r ,  methods which in v o lv e  in c r e a s in g  th e  r a te  
o f  r e a c t io n  hy s t a b i l i s a t i o n  o f  th a t  r e a c t io n ’ s t r a n s i t io n
s t a t e  have a ls o  been employed*
2* H is to r y *
The e a r l i e s t  su g g e s t io n  o f  an S ^ ’- l i k e  mechanism was made 
in  1928 by Burton , in  c o n s id e r in g  a c y c l i c  v a r ia n t  o f  th e  S^2* 
r e a c t io n  in  which an a l l y l  system  i s  a tta ck ed  hy an H-X m olecu le  
(£).
The c r e d i t  f o r  th e  modern p o s tu la te  o f  th e  S..2' r e a c t io n  i s
2 3 4j o in t ly  g iv e n , how ever, to  Hughes , W instein  , and Bergmann ,
who, w orking in d ep en d en tly , made t h e ir  p ro p o sa ls  a decade a f t e r
B urton’ s  o r ig in a l  su g g e s t io n  and, a s  i t  turned  o u t ,  more than  a
decade b e fo r e  th e  r e a c t io n  was ex p er im en ta lly  dem onstrated#
T h is  " f i r s t  a u th e n tic  example" o f  th e  S.T2' r e a c t io n  was
rep o r te d  in  1949 fcy Kepner, W in ste in , and Young'* ( 7-* 8 + j? ),
f o l lo w in g  a p er io d  in  which a ttem p ts to  f in d  an example o f  th e
6 7 8 9S„2* r e a c t io n  had proved to  he f r u i t l e s s  9 9  9 , le a d in g  to  th e
xi
p r o p o s it io n * ^  hy C a tch p o le , H ughes, and In g o ld , in  1948 , th a t  th e  
Sjj2' r e a c t io n  was n o n -a tta in a h le  b ecau se o f  s h ie ld in g  o f  th e  
g-carb on  atom hy th e  e le c t r o n s  o f  th e  it-bond#
.‘T h is " f i r s t  example" was not r e a d i ly  a c c e p te d , how ever, 
e s p e c ia l ly  hy th e  E n g lish  group o f  workers in  t h i s  f i e l d ,  who
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"based t h e ir  o b je c t io n s  on a su g g e s t io n  by Dewar‘S  th a t  th e  
’’abnormal" product ( 9 ) m&y have been  formed by O -a lk y la t io n  o f  
th e  d ie th y lm a lo n a te  io n ,  fo llo w e d  by C la is e n  rearrangem ent o f  
th e  r e s u l t in g  v in y l  e th e r  (lO )#
12T h is  o b je c t io n  was o v erru led  by W instein  , and DeWolfe and 
13Young , on th e  b a s is  th a t  th e  in term e d ia te  k eten e  a c e ta l  (lO )
would be more l i k e l y  to  r e a c t  w ith  th e  a lc o h o l ic  so lv e n t  t o  form
an orth o  e s t e r  r a th e r  than  th e  "abnormal*1 product (9)> and by
Stork  and W hite’ s  demonstration"*"^ th a t  O -a lk y la t io n , fo llo w e d  by
rearrangem ent, d id  n ot occur in  th e  r e a c t io n s  o f  o th er  a l l y l i c
system s w ith  d ie th y lm a lo n a te  anion* However, th e  E n g lish
sch o o l d id  not u n re se r v e d ly  a ccep t t h i s  ev id en ce  and rem ained
u n c o n v in c e d # ^ 5 ^
P ro g ress  was r a p id  a f t e r  t h i s  i n i t i a l  co n tro v er sy  and soon
many "examples" o f  th e  r e a c t io n  were rep orted#  Many o f
t h e s e ,  how ever, f a i l e d  to  s a t i s f y  th e  c r i t e r i a  demanded by
13 5DeWolfe and Young , and Kepner, W instein  and Young , f o r  a
r e a c t io n  to  be d e s ig n a te d  S^2’ , v iz #
"1# The r a te  o f  th e  r e a c t io n  must be p r o p o r tio n a l t o  th e
c o n c e n tr a t io n  o f  both  th e  s u b s t i t u t in g  rea g en t and th e  compound
b e in g  s u b s t itu te d  (u s u a l ly  t h i s  im p lie s  secon d -ord er  k in e t ic s ) #
2 .  The r e a c t io n  must g iv e  i s o lu b le  amounts o f  abnormal
s u b s t i t u t io n  p r o d u c ts .
3# I t  must be dem onstrated  th a t  n e ith e r  th e  s t a r t in g  m a te r ia l
nor th e  normal s u b s t i t u t io n  product undergo rearrangem ent under
th e  c o n d it io n s  o f  th e  r e a c t io n # ”
S ev era l exam ples w ere, f o r t u n a t e ly ,  shown t o  f u l f i l  th e s e
l 8c r i t e r i a .  England and Hughes s tu d ie d  th e bromide exchange
r e a c t io n s  o f  oc- and ^ -m eth y l a l l y l  brom ides w ith  r a d io a c t iv e
li th iu m  bromide and showed th a t  th e  S..21 r e a c t io n  was in v o lv e d ,N 1
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19-23w h ile  De l a  Mare and Vernon y  -published  a s e r i e s  o f  papers
9 on r e a c t io n s  o f  a l l y l i c  c h lo r id e s  hav in g  s t e r i c a l l y
h in d ered  c*-carbon atom s.
"Abnormal” s u b s t i t u t io n  r e a c t io n s  u s in g  am ines as
24n u c le o p h ile s  were r ep o r te d  by J o n es , Lacey and Smith and by
25Young, Webb and G oering who, m  1951 * d e sc r ib e d  a study o f  th e  
r e a c t io n  o f  d ie th y la m in e  w ith  ot-m ethyl a l l y l  c h lo r id e  ( l l - » 1 3 ) «  
The ob served  in c r e a se  in  th e  Sjf2 f/S ^ 2  r a t i o ,  compared w ith  
r e a c t io n s  u s in g  o th er  n u c le o p h ile s ,  caused  them to  ponder 
upon th e  p o s s i b i l i t y  th a t  hydrogen bonding betw een th e  incom ing  
and d ep a rtin g  groups c o u ld  be in v o lv e d .
25Because o f  th e  p o s s i b i l i t y  o f  hydrogen bonding in  t h i s
and o th er  r e la t e d  system s*^ , England and Hughes^0 , and Ingold*^
p r e fe r r e d  to  c o n s id e r  such r e a c t io n s  as S^i* ( s u b s t i t u t io n  by
in tr a m o le c u la r  rearrangem ent o f  an in te r m e d ia te  compound) butL,
c o n s id e r in g  th e  i n t r i n s i c a l l y  weak ch a r a c te r  o f  a hydrogen bond
when compared w ith  th e  c o v a le n t  bonds norm ally  a s s o c ia te d  w ith
Sjji* r e a c t io n s ,  i t  would appear to  be s u b je c t iv e  whether such
r e a c t io n s  should  be c o n s id ered  as S ^ i’ or a s  c y c l i c  v a r ia n ts
2*7 2bo f  th e  3„2’ r e a c t io n .  In d eed , i t  has been shown ’ th a t  
hydrogen bonding i s  not a n e c e ssa r y  requirem ent fo r  S^2* r e a c t io n  
o f  a l l y l i c  c h lo r id e s  w ith  am ines s in c e  t h i s  mechanism  
accounted  f o r  ’(O /o  o f  th e  p rod u cts from r e a c t io n  o f  oc-methyl 
a l l y l  c h lo r id e  (11) w ith  tr im e th y l amine ( l l - »  14 + 15 + 16 )•
The i n i t i a l  f lu r r y  o f  a c t i v i t y  on th e S ^ ’ r e a c t io n  in  th e  
l a t e  1940 ’ s and e a r ly  1950*s c u lm in a te d ,in  1956, in  S tork  and 
W hite’ s  apparent d em on stration  o f  th e  syn r e la t io n s h ip  betw een  
e n te r in g  and d ep a rtin g  groups in  th e  Sjj2’ r e a c t io n  o f  
s u b s t itu te d  c y c lo h e x -2 —e n - l - y l  2 ,6 -d ic h lo r o b e n z o a te s  w ith
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- p ip e r id in e ^ 1". (T h is  su b je c t  i s  d is c u s se d  f u l l y  in  INTROIJUCTION 3 . 
Stereochemistry p. 12)
T hus, by th e  m id -1950, s ,  th e  r e a c t io n  had been  w e ll
e s ta b l is h e d  and i t s  s te r e o c h e m istr y  determ ined . T h is  le d  to  
a la c k  o f  in t e r e s t  in  fu r th e r  s t u d ie s ,  which was to  l a s t  fo r  
about te n  y e a r s .  In d eed , during t h i s  p e r io d , th e  major works 
were r e v ie w  a r t i c l e s  sum m arising th e  e a r ly  h is t o r y  o f  th e  
r e a c t io n *3 ’ 1 7 ’ 2^ 3 0 ’ 31 .
I n t e r e s t  was r e v iv e d  in  th e  l a t e  1 9 6 0 's  and, s in c e  th e n ,  
s e v e r a l groups o f  r e se a r c h e r s  have been a c t iv e  in  t h i s  f i e l d .  
Perhaps in e v i t a b ly ,  th e  r e b ir th  o f  in t e r e s t  was accompanied by 
a renew al and e x te n s io n  o f  th e  co n tro v er sy  surrounding th e  
r e a c t io n  mechanism.
The approach o f  Cromwell and h i s  co-w orkers to  th e  stud y  
o f  th e  r e a c t io n  was founded on th e  con cep t o f  making i t
c o m p e tit iv e  w ith  "normal” S^2 r e a c t io n  by s t a b i l i s i n g  i t s  
t r a n s i t io n  s t a t e .  T h is  i s  in  c o n tr a s t  to  th e  m a jo r ity  o f  th e  
e a r ly  s tu d ie s  in  which s t e r i c  h indrance o f  th e  S^2 r e a c t io n  
was employed to  ren d er th e  r e a c t io n  o b se r v a b le .
H is  aim was a ch iev ed  by th e  u se  o f  a p -ca rb o n y l s u b s t itu e n t  
on th e  a l ly l ic r  sy stem , th e  r a t io n a le  b e in g  th a t  th e  d ev e lo p in g  
n e g a t iv e  charge on th e  p -c a r b o n  atom o f  th e  a l l y l i c  sy stem , 
in  th e  t r a n s i t io n  s t a t e ,  cou ld  be d e lo c a l is e d  over th e  p -c a r b o n y l 
system  a s  w e ll  as th e  le a v in g  group, th ereb y  s t a b i l i s i n g  th e  
t r a n s i t io n  s t a t e  ( l 7 )'«
P rod u cts a r i s in g  from S ^ ’ - l i k e  r e a c t io n s  were observed
32-42in  many o f  th e s e  s t u d ie s ,  and s e v e r a l o f  th e  system s
c o n s id ered  were su b je c te d  to  f u l l  product and k in e t ic  
an alyses.34’^ , 37,39,40
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Typical is -the reaction of 3-bromo-2-benzal—l-indanone (l8)
3/
w ith  di-fsopropylanine, in acetonitrile*
The r e a c t io n  v;as shown to  f u l f i l  th e  c r i t e r i a  fo r
5 13c l a s s i f i c a t i o n  as an S,T2* r e a c t io n ,  * v iz *N 7
1* I t  was shown to  he k i n e t i c a l l y  f i r s t  order in  amine and 
f i r s t  order in  s u b s tr a te  ( l 8 ) *
2 .  "Abnormal” product was is o la te d *
3« I t  was shown th a t  b oth  th e  s t a r t in g  m a te r ia l ( l 8 )  and th e
"normal" s u b s t i t u t io n  product (2 0 ) d id  n o t rearran ge under th e
r e a c t io n  c o n d it io n s*
However, c a u t io n  must be e x e r c is e d  in  d e s ig n a t in g  t h i s ,
and th e  o th e r  s im ila r  r e a c t io n s  in v e s t ig a t e d  by C rom w ell, as
Sjj2* b ecau se  s tu d ie s  o f  an analogous system  ( 2 1 ) ^  ( in  which
Br has been  r e p la c e d  by C l)  showed a r a t io  k g ^ /k ^  «
3*7 ( a t  3 0 °C ), w hereas th e  ex p ected  r a t io  fo r  a c o n c e r te d ,
43 / \synchronous S^2f r e a c t io n  would be much h ig h er  (~ 4 0 -5 0 ) •
The dichotom y betw een  th e  ob served  and ex p ected  v a lu e s  
s u g g e s ts  a t r a n s i t io n  s t a t e  which i s  o n ly  p a r t ia l l y  in f lu e n c e d  
by th e  n atu re o f  th e  d ep a r tin g  group, a s i t u a t io n  e x p la in e d  by 
th e  p r o b a b i l i t y  th a t  th e  p -c a r b o n y l s u b s t i tu e n t ,  by ab sorb in g  
some o f  th e  d ev e lo p in g  n e g a t iv e  charge in  th e  t r a n s i t io n  s t a t e ,  
perturbs th e  s im p le , synchronous p rocess*
Cromwell su g g este d  th a t  th e  £ -k e to  a l l y l  system  must be 
c o n s id e r e d  in  i t s  e n t ir e t y  and n ot a s  a com bination  o f  d is c r e t e  
a l l y l i c  bromide and enone m o ie t ie s ,  each r e a c t in g  in d ep en d en tly*  
Thus, such r e a c t io n s  a r e , p erh ap s, b e s t  d e sc r ib e d  as h ig h ly  
p ertu rb ed  S ^ 2 * -lik e  p r o c e s s e s  in  which bond-breaking i s  running  
s l i g h t l y  ahead o f  bond-m aking, in  a co n cer ted  r e a c t io n .
(2 2 +  23-* 2 4 ) .
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A s im ila r  approach t o  f a c i l i t a t i o n  of th e  0^ 2* reaction was
u t i l i s e d  hy B ordw ell and h i s  co-w ork ers who employed a sulphonyl
s u b s t itu e n t  to  s t a b i l i s e  th e  t r a n s i t io n  state o f  th e  reaction.
Thus, B b rd w ell, Hemwall and Schexnayder show ed^
th a t  3 -m eth y l-2 -b ro m o b en zo -[b j-th io p h en e  1 ,1 -d io x id e  ( 25 )
r e a c te d  w ith  p ip e r id in e  to  g iv e  a product ( 29) ? formed by a
p r o c e ss  in v o lv in g  an S ^ 1 - l i k e  r e a c t io n  (26-» 2 7 )*
They su g g e ste d  th a t  th e  su lp h on y l group f a c i l i t a t e d  th e
A .1SjT2* r e a c t io n  o f  t h i s ,  and o th er  sy stem s , f o r  th e  f o l lo w in g  
r e a s o n s t -
1* E le c tro n -w ith d ra w a l by th e  su lp h on y l group in c r e a s e s  th e
s u s c e p t i b i l i t y  o f  th e  v in y l  carbon atom to  n u c le o p h il ic  a t ta c k
and, by th e  same to k e n , d e c r e a se s  th e  tendency  o f  th e  a l ly l ic r
system  to  r e a c t  v i a  an a l l y l i c  carbonium io n  mechanism,
2 ,  The p resen ce  o f  th e  su lp h on y l group may f a c i l i t a t e  th e
r e a c t io n  by d e lo c a l i s a t io n  o f  th e  d ev e lo p in g  n e g a t iv e  charge on
th e  £ -ca rb o n  atom in  th e  t r a n s i t io n  s t a t e .  The su lp h on y l group
may a cce p t t h i s  e x c e s s  e le c t r o n  d e n s ity  v ia  th e  con ju gated
arom atic  r i n g ,  c . f ,  Crom well*s u se  o f  a £ -ca rb o n y l s u b s t itu e n t
t o  d e lo c a l i s e  th e  d ev e lo p in g  n e g a t iv e  charge on th e  /3-carbon
atom in  o th er  S.T2 ’ - l i k e  r e a c t io n s ,N •
47B ordw ell and Schexnayder w ere, how ever, dubious about th e
d e s ig n a t io n  o f  r e a c t io n s  as S^2* w ith ou t what th e y  regarded  as
48adequate a u th e n t ic a t io n  and t h i s  le d  B ord w ell, m  19 7 0 , to  
q u e s t io n  th e  v ery  e x is t e n c e  o f  th e  S^2f r e a c t io n ,  co n c lu d in g  
t h a t ,  " th ere  appear to' be no unambiguous exam ples o f  th e  S^2' 
co n c e r te d  mechanism," and t h a t ,  " the co n cer ted  Sjj2* r e a c t io n  
mechanism may w e ll be a myth,"
H is  argum ents were based  upon th e  a s s e r t io n  th a t  n ot a l l  o f
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th e  o th er  p o s s ib le  m ech a n is tic  r o u te s  to  th e  ob served  p rod u cts  
in  su p p osed ly  3^2* r e a c t io n s  co u ld  be e l im in a te d .
However, h i s  c r i t i c i s m s  were l a t e r  r e fu te d , fo r  some
20 21 23 49exam ples a t  l e a s t ,  * ’ by He l a  Mare and Vernon. In
t h e ir  r e b u t ta l  o f  B ord w ell* s a t ta c k , th ey  made in c id e n ta l  u se
50 51o f  a stu d y  by E berhardt, McKee and P ry , who showed t h a t ,
in  th e - r e a c t io n  o f  d ie th y la m in e  w ith  c*-methyl a l l y l  c h lo r id e  
(n), s ig n i f i c a n t  k in e t i c  is o to p e  e f f e c t s  were ob served  fo r  a l l  
th r e e  carbon atoms o f  th e  a l l y l  system  ( ^ C : ^ C )  and fo r  th e  
c h lo r in e  ( ?C1: C l ) .  Thus, bonding changes a t a l l  th e  atoms
o f  th e  r e a c t in g  system  were im p lic a te d  in  th e  r a te -d e te r m in in g  
s t e p ,  su g g e s t in g  a co n cer ted  p r o c e s s .  T h is  r e a c t io n  i s ,  in d eed ,
A ft
one o f  th e  exam ples which B ordw ell was v ery  r e lu c ta n t  to
c l a s s i f y  a s  3^2 *.
The c o n tr o v e r sy  c o n tin u e d , how ever, -  w r it in g  in  "Organic
52R ea ctio n  M echanism s", S tev en s s ta te d  , "the paper by He l a  Mare 
49and Vernon r e f u t in g  B ord w ell*s a t ta c k  on th e  S.T2 ’ p r o c e s s  i s
l i
c o n v in c in g , which B ord w ell* s a tta c k  n ever  was," w h ile  J e f fo r d ,
53Sweeney, H i l l  and Delay^ concurred  w ith  B ordw ell t h a t ,  " the myth 
con cern in g  s y n - f a c ia l  S^2* d isp la cem en ts  should  not be 
p erp etu a ted  and th a t  such p r o c e s se s  should  h en ce fo r th  be 
regarded  a s  S ^ i* ."
5 4 .5 5B ordw ell re tu rn ed  to  th e  fr a y  in  1972, when, w ith  M ecca , J  
he showed th a t  th e  h a l id e s  ( 3 0 , 3 l )  r e a c te d  w ith  p ip e r id in e  to
produce th e  enamine (33)  v ia  th e  "abnormal" s u b s t i t u t io n  product
( 3 2 ) .  K in e t ic  exam in ation  o f  th e s e  r e a c t io n s  and. o f  th e
r a t i o s  o b ta in ed  ( 25 /1  fo r  r e a c t io n  in  d im ethylform am ide,
2 6 / l  f o r  r e a c t io n  in  m ethanol) prompted th e  au th ors to  propose
th a t  th e  d a ta  o b ta in ed  were b e s t  ex p la in e d  by an io n -p a ir
«
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mechanism, r a th e r  than  a co n cer ted  S^2* mechanism, a lth o iigh  
th e y  d id  concede th a t  a c o n cer ted  S^2* p r o c e ss  co u ld  n ot he 
e lim in a te d • In d eed , t h e i r  r e j e c t io n  o f  th e  S..2* mechanism was.M
b ased  upon e x te r n a l o b s e r v a t i o n s , r a t h e r  than  ev id en ce  
a ccru in g  from t h i s  p a r t ic u la r  experim ent*
A v a lu a b le  a l l y  f o r  B ord w ell*s id e a  o f  " io n -p a ir"  r a th e r
th an  " concerted"  S^2* r e a c t io n s ,  was found in  Sneen , a champion
o f  n u c le o p h il ic  r e a c t io n s  o ccu rr in g  v ia  io n - p a ir s .
57Sneen and B rad ley  su g g e ste d  th a t  th e  c o n s id e r a b le  volume 
o f  k in e t i c  d ata  o b ta in ed  from a stu d y  o f  th e  r e a c t io n  o f  
oc,g-dim ethyl a l l y l  c h lo r id e  in  e th a n o l ( i n  th e  p resen ce  or  
absence o f  added n u c le o p h ile s )  was b e s t  e x p la in e d  by an io n -p a ir  
p r o c e s s ,  in  which th e  in term ed ia cy  o f  d i s c r e t e ,  d i s t i n c t ,  
a l l y l i c a l l y - r e l a t e d  io n -p a ir s  was im p lic a te d . They fu r th e r  
proposed  th a t  such a mechanism a llow ed  th e  in t e r p r e t a t io n  o f  
th e  lo n g -s ta n d in g  problem  o f  th e  "product spreads" ob served  in  
the s o lv o ly s e s  o f  o th er  a l l y l i c a l l y - r e l a t e d  c h lo r id e s ,  v i z .  
th a t  th e s e  "product spreads" were a r e s u l t  o f  th e  in d is c r im in a te  
b eh av iou r o f  r e l a t i v e l y  h ig h -en erg y  in te r m e d ia te s  ( io n  p a ir s )  
tow ards added n u c le o p h ile  or s o lv e n t  or fu r th e r  io n is a t io n  
( t o  s o lv e n t - s e p a r a te d  io n  p a i r s ) .
58I n  a subsequent p ap er , Sneen and Kay^ d e sc r ib e d  th e  
c o m p e tit iv e  r e a c t io n  o f  th e  prim ary, t e r t i a r y ,
ce,oc-dimethyl a l l y l  c h lo r id e s  ( 3 4 ,  35)  w ith  s o lv e n t  and w ith  
sodium a z id e .  Both s u b s tr a te s  were shown to  undergo k i n e t i c a l l y  
seco n d -o rd er  r e a c t io n s  w ith  sodium a z id e ,  th a t  o f  th e  t e r t i a r y  
a l l y l i c  c h lo r id e  b e in g  e i t h e r  S ^ *  r e a c t io n  or b im o le cu la r  
n u c le o p h i l ic  a t ta c k  a t  a t e r t i a r y  carbon , a p r o c e ss  en v isa g ed  
by th e  au th o rs  a s  o c c u r r in g  v ia  a r a te -d e te r m in in g  d isp la cem en t
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on a pre-form ed  ion -pair.^ " * B ecause -the p rod u cts  ( 3 6 ,  37)  o f  
th e  r e a c t io n  were u n s ta b le  under th e  r e a c t io n  c o n d it io n s ,  and 
e q u il ib r a te d  a t a r a te  com parable to  th e^ r r a c e  o f  fo rm a tio n , 
th e  au th ors were u n ab le  to  d is t in g u is h  betw een th e  S^2* pathway 
(35-* 36) Gnd th e  S^2/ rearrangem ent pathvray ( 35“* 37*^ 3 6 ) .
In  an attem pt to  u n ify  th e  d iv e r se  r e a c t io n s  o f  sim p le  a l l y l i c  
compounds, Sneen and C a r te r ^ , proposed  th a t  an io n -p a ir  mechanism  
was o p e r a t iv e  in  th e  c o m p e tit iv e  r e a c t io n s  o f  « -  and g-m ethyl 
a l l y l  c h lo r id e s  ( l l ,  3 8 ) w ith  s o lv e n t ,  and w ith  added n u c le o p h ile  
(phenoxide io n )*
They su g g este d  th a t  such a mechanism would r e p la c e  th e  
' • t r a d it io n a l  S^2' mechanism" which r e q u ir e s  unprovoked a t ta c k  ' 
o f  a n u c le o p h ile  a t th e  g -carb on , s in c e  i t  would p rov id e  p ro v o ca tio n  
fo r  th a t  a t ta c k , th ereb y  making th e  S^2* r e a c t io n  " i n t e l l e c t u a l ly  
s a t i s f y in g ."
In  summary, th e  h is t o r y  o f  th e  S^2' r e a c t io n  has been a 
t a l e  o f  c o n tr o v e r sy , which seem s c e r t a in  to  c o n tin u e  f o r  some 
t im e . R egarding th e  r e c e n t  " io n -p a ir"  8^2' v e r su s  "synchronous, 
con certed "  S^2* argument , i t  appears l i k e l y  th a t  th e  tr u th  w i l l  
be found somewhere betw een th e s e  two ex trem es, s in c e  n e ith e r  
can s a t i s f a c t o r i l y  account fo r  a l l  o f  th e  r e s u l t s  o b ta in ed  from  
r e a c t io n s  which have been  shown t o  f u l f i l  th e  c r i t e r i a  fo r  
c l a s s i f i c a t i o n  a s  S„2* *
T h u s,B o rd w e ll's  and S n een 's  arguments f o r  " io n -p a ir"  S^2* 
m echanism s, a lth ou gh  e x p la in in g  much o f  th e  d ata  o b ta in ed , do not 
s a t i s f a c t o r i l y  account fo r  th e  low  a c t iv a t io n  e n e r g ie s  and h igh
62
n e g a t iv e  a c t iv a t io n  e n tr o p ie s  en cou n tered  in  many S^2* r e a c t io n s  
( c r i t e r i a  norm ally  tak en  to  be in d ic a t iv e  o f  a co n cer ted  
p r o c e s s ^ ' ^ ) ,  nor f o r  th e  k in e t i c  is o to p e  e f f e c t s  ob served  by
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9 In  c o n tr a s t ,  th e  con cep t o f  a f u l l y  syn ch ron ous, co n cer ted  
p r o c e ss  i s  u n ab le  to  e x p la in  th e  appearance o f  th e  "product 
spreads" ob served  in  many s o lv o ly t i c  r e a c t io n s  o f  a l l y l i c  
h a lid e s ,^ ^  a lth ou gh  i t  does account f o r  th e  low  a c t iv a t io n  
e n e r g ie s ,  h ig h  n e g a t iv e  a c t iv a t io n  e n tr o p ie s ,  and k in e t ic  
is o to p e  e f f e c t s  m entioned above*
3* S tereo c h e m istr y
The f i r s t  s u g g e s t io n  o f  a s t e r e o e le c t r o n ic  p r e fe r e n c e  in  th e
a j
S^2* r e a c t io n  was made by Young, Webb, and G oerin g , who
p o s tu la te d  th a t  th e  incom ing and d ep a rtin g  s u b s t i t u e n t s  sh ou ld
b ear a syn r e la t io n s h ip  t o  one a n o th er , a s te r e o c h e m ic a l cou rse
14l a t e r  supported  e x p e r im e n ta lly  by S tork  and W hite in  t h e ir  
d em on stration  that* p ip e r id in e  approached syn  t o  th e  d ep a r tin g  
2 ,6 -d ic h lo r o b e n z o a te  an ion  in  th e  r e a c t io n  o f  p ip e r id in e
w ith  th e  tr a n s  6 - a lk y l c y c lo h e x - 2 - e n - l - y l  2 ,6 '-d ich lo ro b en 7 ,o a tes  
(3 9 , 4 0 , 4 1 ) .
14In  a s im ila r  experim ent u s in g  d ie th y lm a lo n a te  an ion  
( s e e  p .  4 ) ,  syn a tta c k  was a ga in  ob serv ed , a lth o u g h  t h i s  tim e  
th e  S^2* r e a c t io n  was accom panied by "normal" S^2 r e a c tio n *
Of th e  th r e e  p o s s ib le  con form ation s o f  th e  t r a n s i t io n  s t a t e  
o f  th e  r e a c t io n  (A, B, C ), th e  au th ors favou red  C, a lth ou gh  in  
t h i s  c a se  th e  C-0 bond t o  be broken i s  in  th e  l e a s t  fa v o u ra b le
65con form ation  f o r  in t e r a c t io n  w ith  th e  d e v e lo p in g  tt-bond system *
‘R e se r v a tio n s  about th e  c o n c lu s io n s  rea ch ed  by Stork  and White 
26 48have been  r a is e d  9 b ecau se o f  th e  p o s s i b i l i t y  th a t  th e  syn
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s te r e o c h e m is tr y  ob served  was not a r e s u l t  o f  a s t e r e o e le c t r o n ic  
requirem ent fo r  syn a t ta c k  in  an Sjj2* r e a c t io n  b u t , in s t e a d ,  was 
sim ply  th e  r e s u l t  o f  an en erg e tic :  p r e fe r e n c e  cau sed  by hydrogen  
bonding betw een th e  incom ing p ip e r id in e  and d ep a rtin g  
d ie h lo r o b e n z o a te  a n io n , a f a c t o r  which i s  p o s s ib le  o n ly  in  syn  
approach*
In  s p i t e  o f  t h i s ,  th e  c o n c lu s io n  by S tork  and W hite h a s ,  
g e n e r a l ly ,  been a ccep ted  and h as come to  be w id e ly  regard ed  as  
th_* " d e f in i t iv e  work" on th e  s te r e o c h e m is tr y  o f  th e  S^2* r e a c tio n *  
T h is sta tem en t i s  supported  by th e  f a c t  t h a t ,  o f  th e  67 r e f e r e n c e s ^  
t o  t h e ir  r e s u l t s , d u r i n g  1964-75> more than  95$ u n r e se r v e d ly  
a ccep ted  t h e ir  c o n c lu s io n  a s  b e in g  th e  req u ir ed  s t e r e o e le c t r o n ic  
co u rse  o f  th e  S..2* r e a c t io n .
The p u b l ic a t io n  o f  t h e ir  work a ls o  marked th e  end o f  th e  
e a r ly  p e r io d  o f  th e  h is t o r y  o f  th e  S ^ *  r e a c t io n  ( s e e  p* 5 ) and, 
s in c e  th en ,m o st o f  th e  s te r e o c h e m ic a l s tu d ie s  have been  concerned  
w ith  h yd rid e  a t ta c k  on a l l y l i c  system s and w ith  o th er  r e la t e d  
Sjj2, - l i k e  r e a c t io n s .  F o rm a lly , such r e a c t io n s  sh ou ld  be 
c l a s s i f i e d  a s  S^i* but f o r  th e  p u rp oses o f  d eterm in in g  th e  
p r e fe r r e d  s t e r e o e le c t r o n ic  co u rse  o f  th e  r e a c t io n ,  th e y  may
be u sed  a s  v a l id  exam ples o f  a s p e c ia l  c l a s s  o f  S„2* r e a c t io n s *K
S e v e r a l S ^ 2 * - lik e  r e a c t io n s  in  th e  s t e r o id  f i e l d  have been
s tu d ie d  from a s te r e o c h e m ic a l v ie w p o in t•
67I n  1959 > I r e la n d , W rig ley , and Young dem onstrated  th e  syn  
r e la t io n s h ip  o f  h yd rid e  and c h lo r id e  in  th e  r e d u c t iv e  
d e c h lo r in a t io n  o f  6 /3 -c h lo r o -c h o le s t -4 -e n -3 £ -y l  b en zoa te  (4 5 )  w ith  
l i th iu m  aluminium h yd rid e  (LAH) v ia  th e  in term ed ia cy  o f  a s p e c ie s  
(4 6 )  in  which th e  alum inohydride was com plexed t o  th e  carb on y l 
oxygen* The s te r e o c h e m is tr y  a t  C-4 was determ ined  by u se  o f
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l i th iu m  aluminium d e u te r id e  (LAD).
In  an analogous sy stem , 6£-brom o-4'-m ethyl c h o le s t - 4 —en -3 -o n e
68( 4 8 ) ,  Knapp and S ch roep fer  dem onstrated t h a t ,  depending on th e
amount o f  EAH (LAD) u se d , p rod u cts corresp on d in g  to  both  syn and
a n t i  S^2, - l i k e  r e a c t io n s  were o b ta in ed  (49> 50)*
In  s tu d ie s  on th e  a c e t o l y s i s  o f  4/*-*brom o-5£-cholestan-3-one
( 51 ) ,  Satoh and T akahashi^ ’^0 p o s tu la te d  what th ey  b e l ie v e d  to  be
th e  f i r s t  example o f  an S 2* r e a c t io n  in  which th e  n u c le o p h ile
ard le a v in g  group bore an a n t i  r e la t io n s h ip  (5 2 -» 5 3 )*  They
a sc r ib e d  th e  s te r e o c h e m is tr y  o f  t h i s  r e a c t io n  to  con form ation a l
f a c t o r s  which perm it a n t i  a t ta c k  more r e a d i ly  than  syn a t ta c k .
S tu d ie s  o f  th e  s ter e o c h e m ic a l cou rse  o f  r e d u c t iv e
d eh a lo g en a tio n  in  b i c y c l i c  compounds have been rep orted*
71J e f fo r d ,  Mahajan, and Gunsher dem onstrated th e  s y n - f a c i a l i t y
o f  e n te r in g  h yd rid e (d e u te r id e )  and d ep a rtin g  bromide in  th e
r e a c t io n s  o f  exo 1-m eth y l- 3 , 4 -dibrom o b ic y c lo ( 3 , 2 , l ) o c t - 2-  ene ( 5 5 )
and i t s  a l l y l i c  isom er ( 5 6 ) w ith  LAH and LA3).
53In  a subsequent p a p er , J e f fo r d , Sweeney, H i l l ,  and D elay
dem onstrated  th a t  ana logou s b i c y c l i c  sy stem s, a l s o ,  r e a c te d  w ith
n u c le o p h ile s  in  a s y n - f a c ia l  manner, but concluded  th a t  t h i s
s y n - f a c i a l i t y  was. a r e s u l t  o f  an S^i* r e a c t io n ,  v ia  an in te r m e d ia te
s p e c ie s  in  which th e  red u cin g  agent was com plexed to  th e  d ep a rtin g
h a lid e  io n ,  r a th e r  than  an ^ 2 * r e a c t io n  w hich , th e y  p rop osed , may,
72
f o r  t h e o r e t i c a l  r e a s o n s , proceed  in  e i th e r  syn or a n t i  fa s h io n .
The rea so n  io r  th e  s v n - f a c ia l  STTi*  r e a c t io n s  ob served  in  t h e ird
s tu d ie s  was su g g este d  to  be n o t o n ly  s t e r i c  h indrance to  a n t i  S^i*
73r e a c t io n ,  but a ls o  a s t e r e o e le c t r o n ic  p re fer en ce  fo r  a syn  c y c l i c  
S^i* mechanism.14
74An a n t i  S^2* mechanism h as been c la im ed , by Borden and C orey,
14
Li C uM e?  
 ^
to  "be o p e r a t iv e  in  th e LAH r e d u c tio n  o f  th e  p r o p a r g y lic  d e r iv a t iv e s
(59* 6 0 ) ,  form ing a l l e n ic  compounds ( b l ,  They dem onstrated
th a t  r e a c t io n  w ith  th e  bulky s p e c ie s  t r i - t e r t* b u to x y  lith iu m
aluminium h yd rid e (kBu^'o)^LiAlH le d  o n ly  to  r e d u c tio n  o f  th e
carb on yl group o f  th e  camphor m o ie ty , th ereb y  in d ic a t in g  th a t
p r io r  io n is a t io n  o f  th e  compound t o  ^n a c e ty le n ic  c a t io n  was not
th e  p r e fe r r e d  pathway f o r  th e  tra n sfo rm a tio n s  (5 9 -^ 6 1 , and 60->62)*
T h eir  r e s u l t s  in d ic a te d  th a t  th e  r e a c t io n  was p ro ceed in g  by a
k i n e t i c a l l y  secon d -ord er  ro u te  in  which o p t ic a l ly  a c t iv e  a l le n e  *
was produced by an S ^ ’ - l i k e  r e a c t io n  in v o lv in g  an a n t i
r e la t io n s h ip  o f  n u c le o p h ile  and le a v in g  group*
I n  an in t e r e s t in g  fo o t n o t e ,  th e  au th ors n oted , "Stork  and White
have fou n d , in  c o n t r a s t ,  th a t  in  a c y c l i c  system  w ith  v e r y  d i f f e r e n t
n u c le o p h ile s  and le a v in g  group , th e  S^2* r e a c t io n  p ro ceed s in  a
*
p red om in an tly  tr a n s  fa sh io n *  We are u n d ertak in g  exp erim en ts to  
determ ine th e  s te r e o c h e m ic a l p r e fe r e n c e  o f  t h i s  r e a c t io n  in  an 
a c y c l ic  system  w ith  th e  same n u c le o p h ile s  and le a v in g  groups as  
u sed  by th e s e  authors*" However, no account o f  t h i s  work has  
appeared , to  date*
An a n t i  S„2, - l i k e  mechanism has been employed to  e x p la in  th e  - ■ N
p ro d u ctio n  o f  tr a h s  4 -m eth y l c y c lo h e x - 2 - e n - l - o l  (6 4 ) from th e  
r e a c t io n  o f  1 ,3  cy c lo h ex a d ien e  m ono-epoxide (6 3 )  w ith  li th iu m  
d im eth y l c u p r a te . ’
* The u se  o f  th e  term  "trans"  i s  in  erro r; S tork  and White 
dem onstrated  th a t  th e  n u c le o p h ile  and le a v in g  group were syn  
r e la t e d ,  i* e *  s t a r t in g  from tr a n s  6 -a lk y l  c y c lo h e x - 2 - e n - l - y l  
esterfe  (39> 4 0 , 4 1 ) th e y  o b ta in ed  N -(tr a n s  4 - a lk y l  
c y c lo h e x - 2 - e n - l - y l )  p ip e r id in e s  (4 2 , 4 3 , 4 4 )•
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77K iia sz e w sk i has p r esen ted  ev id en ce  fo r  th e  o p era tio n  o f  an 
a n t i  mechanism in  th e  s o lv o ly s e s  o f  th e  p h en y lth d o -
s u b s t i t u t e d  p -n itr o b e n z o a te  e s t e r s  (65 and 66) in  2 ,2 ,2  
t r i f lu o r o e t h a n o l •
I t  was proposed  th a t  th e  r e a c t io n  occu rred  by an 
in tr a m o le c u la r  S ^ 2 * -lik e  (S ^ i’ ) mechanism (6^5,66->67), g iv in g  th e  
s p e c ie s  (6 8 , 6 9 ) which were trapped  by so lv en t'. Product a n a ly s is  
su g g e ste d  th a t  b oth  th e  tr a n s  ( 6 5 ) and c i s  (6 6 ) ep im ers were 
r e a c t in g  by th e  same pathvray, w h ile  k in e t ic  s tu d ie s  dem onstrated  
th e  in vo lvem en t o f  both  th e  su lphur and th e  double bond in  th e  
r a te -d e te r m in in g , io n is a t io n  s t e p .  The degree o f  su lphur  
p a r t ic ip a t io n  in  th e  r a te -d e te r m in in g  s tep  was found t o  be 96/t 
f o r  th e  tr a n s  isom er ( 6 5 ) and 83/: f o r  th e  c i s  isom er (6 6 )*
C oup ling  o f  th e se  f ig u r e s  w ith  th e  r e l a t iv e  r a t e s  fo r  th e  r e a c t io n s  
(k g , = 1 .4 ;  k66 = 0 • 2 7 ) l e d  M ilaszew sk i to  th e  c o n c lu s io n  th a t  th e  
s te r e o c h e m is tr y  o f  th e  r e a c t io n  co u ld  be e i t h e r  a n t i  (a s  in  6 5 )
or syn (a s  in  66 ) and th a t  th e r e  was a 6*1 p r e fe r e n c e  fo r  su lphur  
t o  p a r t ic ip a t e  in  an a n t i  fa s h io n .
In  summary, t h e r e f o r e ,  th e  s te r e o c h e m istr y  o f  th e  S^2* 
r e a c t io n ,  l i k e  th e  v ery  e x is te n c e  o f  th e  r e a c t io n  , appears to  
be in  some doubt and fu r th e r  s tu d ie s  to  d is p e l  some o f  t h i s  doubt 
would be welcom ed,
4* T h e o r e t ic a l  s t u d ie s .
The f i r s t  t h e o r e t i c a l  s tu d ie s  o f  th e  S>T2* r e a c t io n  to  u se  a 
m olecu lar  o r b it a l  (KO) approach were perform ed by Fukui and 
If‘u jim oto^ ^ , ^^ who, in  a g e n e r a l a p p lic a t io n  o f  MO th eo ry  -to th e
16
\ 
/
X y
\ 'C—c— c
70
'c—c—c
Y
71
Nu
C=C
X
I
c-
I
72
Nu 
I
C— C
X
-*c c=c
73
r a t io n a l i s a t io n  o f  th e  s t e r e o s e l e c t i v i t y  ob served  in  c e r t a in
n o n -c y c lic  r e a c t io n s  o f  p la n a r , co n ju g a ted  sy ste m s, con clu d ed
t h a t ,  f o r  th e  s p e c i f i c  c a se  o f  a 1 ,3  non—c y c lo —in t e r a c t io n  ( o f
which th e  S„2’ r e a c t io n  i s  an ex a m p le), th e  syn mode o f  in t e r a c t io n  
N —
should  be e n e r g e t ic a l ly  fa v o u red  r e l a t i v e  to  th e  a n t i  mode, i . e .
th a t  th e  S„2* r e a c t io n  sh ou ld  e x h ib i t  a s t e r e o e le c t r o n ic  p r e fe r e n c e  
N
fo r  syn e n tr y  o f  n u c le o p h ile  and d ep artu re o f  le a v in g  grou p .
go
T h is  c o n c lu s io n  was supported  by Drenth who, by u s e  o f  a
sim p le  H uckel MO tr e a tm e n t , dem onstrated  th a t  th e  syn  t r a n s i t i o n
s t a t e  ( 7 0 ) was o f  low er energy than  th e  co rresp o n d in g  a n t i
t r a n s i t io n  s t a t e  ( 7 l ) *
In  a q u a l i t a t iv e  approach , an a logou s to  Woodward and Hoffmann’ s
8 l  72trea tm en t o f  s ig m a tro p ic  r e a c t io n s  , Arih c o n s id e r e d  th e  
t r a n s i t io n  s t a t e  o f  th e  S^2’ r e a c t io n  as an a l l y l i c  c a t io n  
in t e r a c t in g  w ith  two a n io n s , X and Y« As in  a s ig m a tro p ic  
r e a c t io n ,  th e  most im portant in t e r a c t io n s  are th o se  b etw een  th e  
lo w e s t  u n occu p ied  m o lecu la r  o r b i t a l  (LUMO) c f  th e  a l l y l  c a t io n  
and th e  h ig h e s t  o ccu p ied  m olecu la r  o r b i t a l s  (HOMO) o f  th e  a n io n s ,
X and Y . Depending upon th e  r e l a t i v e  t im in g  o f  th e  bond—making 
and b on d-b reak ing  p r o c e s s e s ,  he con clu d ed  th a t  th e  r e a c t io n  co u ld  
p roceed  e i t h e r  in .s y n  fa s h io n  ( f o r  a co n cer ted  r e a c t io n  in  w hich  
bon d-b reak ing  i s  ru n n in g  ahead o f  bond-m aking), or in  a n t i  fa s h io n  
( f o r  a f u l l y  synchronous p r o c e s s ) .
On On Q a
I n  a fu r th e r  e x te n s io n  o f  th e  Woodward-Hoffmann R u le s ,  9 9
85 86M athieu , and R a ssa t su g g e ste d  th a t  th e  s te r e o c h e m is tr y  o f  
n o n - c y c l ic ,  co n c e r te d  r e a c t io n s  co u ld  be determ ined  by c o n s id e r a t io n  
o f  th e  p a r i t y  (od d n ess or e v e n n e ss )  o f  th e  number o f  e l e c t r o n  
p a ir s ,  in v o lv e d  in  th e  r e a c t io n .  T hus, in  th e  S ^ ’ r e a c t io n ,  
which in v o lv e s  3 e le c t r o n  p a ir s ,  syn  s te r e o c h e m is tr y  i s  to  be
17
p r e f e r r e d  ( 72- » 73 )*
fi7
A nother q u a l i t a t iv e  approach was employed by L io t ta , .  who
8 3a p p lie d  h i s  11 o r b it a l  d i s t o r t io n  technique"  to  r e s o lv in g  th e
dichotom y betw een th e  syn s te r e o c h e m istr y  dem onstrated  by S tork
14 ,and W hite f o r  th e  r e a c t io n  o f  p ip e r id in e  w ith  a l l y l i c  2 , 6 -
d ic h lo r o b e n z o a te s  (39* 4 0 , 41 ) and th e  a n t i  s te r e o c h e m istr y
n c  n  C
dem onstrated  by R ickborn , and Johnson fo r  th e  r e a c t io n  o f
1 ,3  c y c lo h ex a d ien e  m ono-epoxide (6 3 ) w ith  lith iu m  d im ethyl c u p r a te .
He con clu d ed  th a t  th e  S^2* r e a c t io n  sh o u ld , in d e e d , have syn
ste r e o c h e m is tr y  and th a t  th e  work o f  R ickborn, and o f  Johnson ,
89was b e s t  e x p la in e d  by th e  assum ption  x th a t  th e  f i r s t  s te p  
in v o lv e d  a o n e -e le c tr o n  tr a n s fe r  from th e  rea g en t to  th e  su b s tr a te  
t o  form a r a d ic a l  an ion  in te r m e d ia te  whose conform ation  was th e  
cau se o f  th e  subsequent a n t i  s te r e o c h e m istr y  o f  a tta c k  by th e  a lk y l  
group .
I n  th e  f i r s t  q u a n t i ta t iv e  attem pt to  determ ine th e
s te r e o c h e m is tr y  o f  th e  Sjj2r r e a c t io n  by t h e o r e t i c a l  c a lc u la t io n s ,
91T a te s ,  E p io t i s ,  and B ernard i u sed  ab i n i t i o  and sem i-e m p ir ic a l
m ethods to  show th a t  th e  s te r e o c h e m istr y  was determ ined by
non-bonded in t e r a c t io n s  and e l e c t r o s t a t i c  f a c t o r s ,  r a th e r  th an  by
an in h e r e n t e l e c t r o n ic  requ irem ent f o r  a p a r t ic u la r
s te r e o c h e m is tr y . T hus, th e y  proposed  th a t  th e  s te r e o c h e m istr y
o f  th e  S„2* r e a c t io n  c o u ld  be e x te r n a l ly  c o n tr o l le d  by s u it a b le  
N
m an ip u la tion  o f  th e  e le c t r o n ic  and s t e r i c  p r o p e r t ie s  o f  th e  
n u c le o p h ile s  and a l l y l i c  s u b s tr a te s  em ployed, and t h a t ,  in  
p a r t ic u la r ,  n e u tr a l n u c le o p h ile s  would favou r syn a t ta c k , w h ile  
charged n u c le o p h ile s  would favou r a n t i  a t ta c k .
18
5* In tr o d u c t io n  to  t h i s  study
C o n sid e r a tio n  o f  th e  r e s u l t s  a lrea d y  o b ta in ed  r eg a r d in g  th e
s te r e o c h e m is tr y  o f  th e  S ^ *  r e a c t io n  le a d s ,  a lm ost in e v i t a b ly ,
-to’ th e  c o n c lu s io n  th a t  th e  requ irem ent dem onstrated  by S tork  and
14White fo r  S ^ *  r e a c t io n s  to  occur in  syn fa s h io n  , m ust, now, be 
regarded  vrith some degree o f  doubt* Thus, any stud y  which w i l l  
r e in f o r c e ,  or c o n tr a d ic t ,  th e  work o f  S tork  and White would be 
welcomed as  a means o f  d eterm in in g  w hether th e r e  r e a l l y  i s  a 
p r e fe r r e d  s t e r e o e le c t r o n ic  cou rse  f o r  th e  3^2* r e a c t io n  -  i t  i s  
t o  t h i s  o b je c t iv e  th a t  th e  work d e sc r ib e d  in  t h i s  t h e s i s  i s  
d ir e c te d *
The im petus f o r  th e  work to  be rep o rted  o r ig in a te d  from an
apparent i r r e g u la r i t y  o f  beh av iou r in  th e  enzym e-m ediated
b io s y n t h e s i s  o f  te r p e n o id s  and s t e r o id s .  Two o f  th e  fundam ental
r e a c t io n s  in  t h i s  p r o c e s s  are th e  enzym ic in te r c o n v e r s io n  o f
i s o p e n te n y l pyrophosphate (7 4 ) t o  d im ethyl a l l y l  pyrophosphate
(7 5 )  and th e  subsequent enzym ic co n d en sa tio n  o f  th e s e  iso m e r s ,
p roducing  g era n y l pyrophosphate ( l 6 ) »
The is o m e r is a t io n  r e a c t io n  h as been  shown t o  e x h ib it  an
a n t i  r e l a t i o n s h i p ' ^ * ^ ’ '^  betw een th e  e le c t r o p h i le  (H ) and th e  . c
le a v in g  group (H ^), w h ile  th e  fo rm a lly  analogous co n d en sa tio n
94«95r e a c t io n  e x h ib it e d  a syn  r e la t io n s h ip  ’ o f  e l e c t r o p h i le  
(dma-OPP) to  le a v in g  group (H^)*
a /  Q*7 7 °  7 0  Q0
I n t u i t i v e l y ,  ’ . and from o r b it a l  symmetry argum ents,
b oth  o f  th e s e  fo r m a lly  S_2* r e a c t io n s  sh ou ld  p roceed  in  a n t i
■ —  ■ ■
95 96 97f a s h io n .  C orn forth  and Popjak ’ * n e a t ly  c ircu m ven ted
t h i s  apparent c o n tr a d ic t io n  by t h e ir  now famous p o s tu la te  
in v o lv in g  an u n id e n t i f ie d  n u c le o p h ile  in  th e  co n d en sa tio n  r e a c t io n .
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I n  -th is s o - c a l l e d  '‘X-group mechanism11, th e  n u c le o p h ile  X and 
• d im eth yl a l l y l  pyrophosphate (7 5 ) were added in  --r.ti fa s h io n  
a c r o ss  th e  double bond o f  is o p o n te n y l pyrophosphate ( 7 4 ) ,  
fo llo w e d  by a subsequent tr a n s  e l im in a t io n  o f  and X.
No p r o o f ,  o th er  th an  th e  s te r e o c h e m is tr y  o f  th e  o b served
product (7 6 ) i s  a v a i la b le  fo r  th e  "X-group mechanism” how ever,
99and Cunningham and O verton h a v e , r e c e n t ly ,  su g g e ste d  th a t  Sg2' 
r e a c t io n s  observed  in  s t e r o id a l  system s may p roceed  in  e i t h e r  syn  
or a n t i  fa s h io n  p ro v id ed  th a t  th e  carbon to  le a v in g  group oond 
may a t t a in  a s ig n i f i c a n t  degree o f  c o p la n a r ity  w ith  th e  t t -sy s te m .  
The s t e r e o s e l e c t i v i t y  ob served  in  t h e i r  ex p er im en ts  i s  a s c r ib e d  
t o  s t e r i c ,  r a th e r  th an  s t e r e o e le c t r o n ic  f a c t o r s ,  a c o n c lu s io n  
T e in fo r c e d  by q u a n t i t a t iv e ,  se m i-e m p ir ic a l (INDO) m olecu lar-  
o r b it a l  c a l c u la t io n s ,* 00
E x ten s io n  o f  t h i s  t h e o r e t i c a l  approach t o  stu d y  o f  th e  
s te r e o c h e m istr y  o f  th e  S^2* r e a c t io n  su g g e ste d  th a t  s t e r i c  f a c t o r s  
may be dominant in  th a t  c a s e ,  a l s o .  These s t u d ie s  appeared t o  
in d ic a te  t h a t ,  in  th e  s im p le  c a se  o f  propene b e in g  a tta c k e d  a t  
C -3 by a h yd rid e  io n ,  e i t h e r  syn or a n t i  s te r e o c h e m is tr y  was 
p o s s i b l e ,* 00 and t h a t ,  in  a model system  (7 8 )* ° *  f o r  th a t  s tu d ie d  
by S tork  and W hite,*^  th e  syn mode o f  a t ta c k  was p r e fe r r e d * 00  
b ecau se o f  s t e r i c  h in d ran ce by th e  6 - a lk y l  group t o  a n t i  a t t a c k .  
I n  th e  ep im er ic  c a s e  (79)>  how ever, both  modes o f  a t ta c k  were 
p r e d ic te d  to  be f e a s i b l e * 00 b ecau se  th e  s t e r i c  b a r r ie r  t o  a n t i  
a tta c k  had been  la r g e ly  rem oved, s in c e  th e  6 - a lk y l  group was 
q u a s i-e q u a to r ia l  when th e  m o lecu le  was in  th e  most fa v o u r a b le  
con form ation  fo r  o v er la p  o f  th e  C-0 bond w ith  th e  d e v e lo p in g  
t f - s y s t e m ,^ ’ ^
T h is  t h e s i s  i s  a r e p o r t  o f  exp erim en ts perform ed in  o rd er  to
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t e s t  th e  above p r e d ic t io n ,  reg a rd in g  th e  s te r e o c h e m is tr y  o f  th e  
S„2* r e a c t io n * ^  In  p a r t ic u la r  th e  p r e se n t  r e p o r t  w i l l  d e sc r ib e  
attem pted  sy n th e se s  o f  compounds o f  th e  g e n e r a l form ula  (§ 0 )  and 
t h e ir  subsequent r e a c t io n s  w ith  p ip e r id in e *
DISCUSSION
Part
1 .
3 .
4 .
5 .
P art
A. S y n th e s is  o f  a l l y l i c  e s t e r s  fo r  u se  a s  s u b s t r a t e s 
in  stu d y  o f  th e  S^2* r e a c t io n .
Summary•
P rep a ra tio n  o f  a n is o le s  and a n i l i n e s  re q u ir e d  as  
s u b s tr a te s  fo r  B irch  r e d u c t io n .
B irch  r e d u c tio n ;  p r e p a r a tio n  o f  6 - a lk y l  
e y e 1 o h e x -2 -e n - l-o n e  s . 
a . R e s u l t s ,  ( i )  M ethyl s e r i e s .
( i i )  iso P r o p y l s e r i e s .
( i i i )  t e r t .B u t y l  s e r i e s .
D. A n a ly s is  o f  6 - a lk y l  c y c lo h e x - 2 - e n - l - o n e s .
C o n c lu s io n s .
R ed u ction  o f  6 - a lk y l  c y c lo h e x -2 -e n - l-o n e s ;  
p r e p a r a tio n  o f  6 - a lk y l  c y c l o h e x - 2 - e n - l - o l s .
a . P roduct a n a ly s i s ,  
h . S ep a ra tio n  o f  p r o d u c ts .
c .  A n a ly s is  o f  6 - a lk y l  c y c lo h e x - 2 - e n - l - o l s ;  p ro o f  
o f  s te r e o c h e m is tr y .
d . C o n c lu s io n s . ( i )  R eg io ch em istry  o f  r e d u c t io n s .
( i i )  S tereo c h e m istr y  o f  r e d u c t io n s .  
E s t e r i f i c a t io n ;  p r e p a r a tio n  o f  6 -a lk y l  
c y c lo h e x - 2 - e n - l - y l  e s t e r s .
a .  2 ,6 -d ic h lo r o h e n z o a te  e s t e r s ,  
h . Other e s t e r s .
S y n th e s is  o f  a u th e n tic  N - (a lk y l c y c lo h e x y l)
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22
P* 52.
Part
1 .
2 .
3 .
4 .
5 .
6 .
C. Study o f  th e  s te r e o c h e m istr y  o f  th e  S. 2^* r e a c t io n  
Summary•
Product a n a ly s is .
Trans s i ib s t r a te s .
a .  R e s u lt s ,  ( i )  Trans 6 - is o p r o p y l c y c lo h e x - 2 - e n - l - y l
2 *6 -& ich lo ro b en zo a te .
( i i )  Trans 6 - is o p r o p v l c y c lo h e z : -2 -e n - l-y l  
3 9 5 -d in itr o b e n z o a te •
b . C o n c lu s io n s .
C is  s u b s tr a te s .
a . R e s u l t s ,  ( i )  C is  6 - is o p r o p y l c y c lo h e x - 2 - e n - l - y l
( i i )  C is  6 - is o p ro p y l c y c lo h e x -2 -e n -T -y l  
p -n itr o b e n z o ? te •
b . C o n c lu sio n s* .
R ea ctio n  k i n e t i c s .
G eneral c o n c lu s io n s
p .  ^6 .
p ..  % .
p . 57»
P . 5 9 .
p . 6 7 •
P. 7 1 . 
p . 73-
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Scheme 2 . Preonrat:? cn o f  a n i s o l e s  and a n i l i n e s
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P art A. S y n th e s is  o f  a l l y l i c  e s t e r s  fo r  u se  as s u b s tr a te s  in
stud y  o f  th e  ^ 2 *  r e a c t io n .  
1 .  Summary.
I n i t i a l l y ,  i t  was in ten d ed  to  prepare th e  c i s  and tr a n s  
6 - a lk y l  c v c lo h e x - 2 - e n - l - y l  2 .,6 -d ic h lo r o b c n z o a te s  (3 9 , 4 0 , 4 1 , 8]., 
8 2 , 8 3 ) fo r  u se  a s  s u b s tr a te s  fo r  th e  S^2* r e a c t io n ,  s in c e  Stork  
and W h ite ^  had a lr ea d y  employed th e  tr a n s  ep im ers (39* 4 0 , 41) 
fo r  t h is 'p u r p o s e .
D i f f i c u l t i e s  en cou n tered  in  th e  p r e p a r a tio n  o f  th e s e  e s t e r s ,  
how ever, le d  to  an exp an sion  o f  t h i s  o b je c t iv e  to  in c lu d e  th e  
s y n th e s is  o f  o th er  d is p la c e a b le  e s t e r  d e r iv a t iv e s ,  in  p a r t ic u la r  
th e  c i s  and tr a n s  3 * 5 -d in itr o b e n z o a te s  ( 8 4 , 8 5 ) and th e  c i s  
2 ,4 -cL ich lorob en zoate  (§ 6 )  and p -n itr o b e n z o a te  ( 8 7 ) ,
The s y n th e t ic  ro u te  to  th e se  compounds i s  shown in  Schemes 
1 and 2 , and w i l l  now be d iscu sse d *
2* P rep a ra tio n  o f  a n is o le s  and a n i l in e s  r e q u ir e d  as  s u b s tr a te s  
f o r  B irch  r e d u c tio n  (Scheme 2 ) .  .
M eth y la tio n  o f  2 - iso p r o p y l phenol ( 1 0 2 ) and 2 - t e r t* b u ty l  
phenol (1 0 3 ) produced th e  d e s ir e d  2 -a lk y l a n i s o le s  ( 8 9 , 9 0 )*
The a n i l in e  d e r iv a t iv e s ,  2 - t e r t *butyl a n i l in e  ( 9 l )  and i t s  
N ,N -d im eth y la ted  analogue ( 9 2 ) ,  were prepared  from t e r t .b u ty l  
benzene (1 0 4 ) by known p ro c e d u r e s :-
J l i t r a t io n ^ ^  o f  t e r t .b u t y l  benzene ( 104 ) proved tro u b leso m e, 
producing a m ixture o f  PL C -separable n i t r a t e d  compounds,
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10?.b le  1 .  R eported  v i e l d s  o f  eror.es and k e to n e s  from B irch
re d u c tio n s*
s u b s tr a te
sa tu r a ted k eto n e enone
id e n t i t y J iy ie ld i d e n t i t y $  y i e ld
So 2 -m eth y l a n is o le 110 17 93 52
89 2 - is o p r o p y l a n is o le 111 . 13 94 13
90 2 - t e r t .b u t y l  a n is o le 112 5 95 10
91 2 - t e r t •b u ty l a n i l in e 112 23 95 25
N ,U -d im eth y l
92 112 20 95 24
2 - t e r t .b u t y l  a n i l in e
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121 H
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in c lu d in g  4 - n i t r o - t e r t .b u t y l  benzene ( l0 8 ;  I C f f )  , 2 , 4- d i n i t r o -  
t e r t .b u t y l  benzene ( 1 0 5 ? 2 C / f i) ,  and 3 , 4—d in i t r o - t e n t .b u t y l  benzene  
( l0 9 ;  2 f!). However, under more fo r c in g  c o n d it io n s ,  i t  was 
p o s s ib le  to  o b ta in  6 A %  y i e l d  o f  th e  d e s ir e d  2 , 4 -d in itro -com p ou n d  
(1 0 5 ) .
Removal o f  th e  4 -r .it r o  group v i a  s e l e c t i v e  red u ctio n ^  . to  
th e  4 -am ino compound ( l 0 6 ) and r e d u c t iv e  deam ination  produced  
th e  2- n i t r o  compound ( l 0 7 ) which was reduced"*"^ to  2- t e r t .b u ty l  
a n i l in e  ( 9 1 )..
A ttem pted m e th y la tio n  o f  t h i s  by fo rm y T a tio n /red u ctio n  
was n ot s u c c e s s fu l  and th e  d e s ir e d  N ,N -d im ethyl 2 - t e r t .b u ty l  
a n i l in e  ( 9 2 ) was su b seq u en tly  prepared  by treatm ent^"^ o f  th e  
a n i l in e  ( 9 1 ) w ith  m ethyl io d id e .
3 . B irch  r e d u c tio n ; p rep a ra tio n  o f  6 - a lk y l  c y c lo h e x -2 -e n - l-o n e s
102Stork  and White found th a t  B irch  r e d u c t io n  o f  2 -a lk y l  
a n is o le s  ( 8 8 , 8 9 , 9 0 ) and 2- a lk y l  a n i l in e s  ( 9 1 * 9 2 ) y ie ld e d  
m ix tu res  o f  th e  d e s ir e d  6 - a lk y l  c y c lo h e x -2- e n - l - o n e s  (93> 9 4 * 9 5 ) 
and th e  corresp on d in g  sa tu r a te d  k e to n e s  ( 1 1 0 , 1 1 1 , 1 1 2 ; T a b le l ) .
These unwanted sa tu r a te d  k e to n e s  w ere, presum ably, formed  
by r e d u c tio n  o f  in te r m e d ia te  1 , 3-c y c lo h e x a d ie n e s  (113-117)>  
r e s u l t in g  from c o n ju g a tio n  o f  th e  i n i t i a l l y  formed en o l e th e r s  
( l l 8 , 119 , 120) and enam ines (1 2 1 , 1 2 2 ) .  Such a p r o c e ss  i s  
known, fo r  a n i s o l e s ,  t o  be dependent upon th e  a c id i t y  o f  th e  
p roton  sou rce em ployed.
.T h is  stud y  w i l l  show, in  agreem ent .w ith o th er  rep o r t  
f o r  s im ila r  sy ste m s, th a t  th e  b e s t  c o n d it io n s  fo r  o b ta in in g
25
f c h e n e  3* C h e m i c a l  s e p a r a t i o n  o f  s a t u r a t e d  a n d  u n s a t u r a t e d
k e to n e s  resu ltin g *  fr o n  B irch  r e d u c t io n .
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dihydro r a th e r  than  te tr a h y d r o  p rod u cts  from B irch  r e d u c t io n  
in v o lv e  th e  u se  o f  l i t h iu m , w ith  t e r t .b u t a n o l  a s  p ro to n  so u r c e ,
9
and te tra h y d ro fu ra n  (THF) as c o - s o lv e n t .
T hus, th e  p r o c e d u r e ^ ^  adopted  fo r  th e  B ir ch  r e d u c t io n  was
102a m o d if ic a t io n  o f  th a t  u sed  hy S tork  and W hite , m  th e  hope 
th a t  an im proved r a t io  o f  u n sa tu r a te d  to  s a tu r a te d  k e to n e s  
would r e s u lt*
I t  was a n t ic ip a t e d ,  w rongly , th a t  B irch  r e d u c t io n  o f
1022 - t e r t ’*b u ty l a n is o le  ( 9 0 ) would he u n s a t i s f a c t o r y  and th a t
th e  most s u i t a b le  s u b s tr a te s  fo r  B irch  r e d u c t io n  in  th e
102t e r t*  butyl' s e r i e s  would he th e  a n i l i n e s  (91* 9 2 )*  As w i l l  he
s e e n , how ever, t h i s  e x p e c ta t io n  was r e v e r s e d  f o r  th e  r e d u c t io n
, 1 1 0  p r o c e ss  chosen*
a* R e s u lt s
( i )  M ethyl s e r i e s
B irch  r e d u c t io n  o f  2 -m eth yl a n is o le  (8 8 )  and a c id  h y d r o ly s is
o f  th e  product produced a k e to n ic  m ix tu re , a p p a r e n tly  c o n ta in in g
th e  expected '*'^  s a tu r a te d  (iR : 1720cm \  v C = 0 ) and u n sa tu r a te d
(iR : 1690cm \  vC=0 ©e,£  u n sa tu r a te d ) k e to n e s  (1 1 0 , 93)*
I s o l a t i o n  o f  6 -m eth y l c y c lo h e x -2 -e n - l-o n e  (9 3 )  from  t h i s
m ixture w as, a c c o r d in g ly , pursued v i a  th e  ch em ica l s e p a r a t io n
102method d evelop ed  hy S tork  and W hite (Scheme 3)*  T h is  
in v o lv e d  r e a c t io n  o f  th e  m ixture w ith  p ip e r id in e ,  s e p a r a t io n  o f  
th e  r e s u l t in g  p ip erid ino-com pound  (1 2 3 ) from  th e  in e r t  s a tu r a te d  
k eton e ( } 1 0 ) ,  and subsequent r e g e n e r a t io n  o f  th e  d e s ir e d  
6-m eth y l enone ( 93 ) hy b a s e - c a ta ly s e d  e l im in a t io n  o f  th e  m eth io d id e  
d e r iv a t iv e  (124 )*
However, th e  m a te r ia l r ec o v ered  from t h i s  p r o c e ss  was v ery
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s im ila r  to  th e  o r ig in a l  m ix tu re , shotting IB a b so r p tio n s  a t  both  
I 69O and 1720cm T h is su g g este d  th a t  th e  g u n sa tu r a te d
k eton e ( 1 2 5 ) may be p r e se n t  s in c e  t h i s  compound would show IR 
a b so rp tio n  a t 1720cm  ^ and would be ex p ected  to  r e a c t  w ith  
p ip e r id in e ,  by p r io r  is o m e r is a t io n  t o  i t s  <x,/3 analogue ( 9 3 ) ,  to  
produce th e  p iperid ino-com pound  ( 1 2 3 ) .  B a s e -c a ta ly s e d  e l im in a t io n  
o f  th e  qu atern ary  m eth iod id e would th en  le a d  to  reg ex iera tio n  o f  an 
e q u ilib r iu m  m ixture o f  th e  c e ,£  and enones ( 9 3 , 1 2 5 )«
F u rth er in v e s t ig a t io n  o f  th e  B irch  r e d u c t io n  th u s  appeared  
a p p r o p r ia te . IR and Nmr exam in ation  o f  th e  p r o d u c ts , b efo re  
a c id  h y d r o ly s i s ,  from a second  r e d u c tio n  showed th e  major 
component (74^ by GLC) to  be th e  ex p ected  3*6 d ihydro a n is o le  
( 1 1 8 ) .
On a c id  h y d r o ly s is ,  k e to n ic  m ixture s im ila r  to  th a t  from th e
f i r s t  r e d u c t io n  was o b ta in e d . T h is  m ixture was in se p a r a b le  by
TIXJ and column chrom atography but GLC dem onstrated  th e  p resen ce
o f  fo u r  com ponents ( r e l a t i v e  $  : 2 , 5 * 15 > 7 8 ) and Nmr- i d e n t i f i e d
th e  major component as th e  d e s ir e d  6-m eth y l c y o lo h e x -2- e n - l - o n e
(9 3 )*  A ttem pts to  id e n t i f y  th e  o th er  com ponents by fu r th e r  Nmr-
in v e s t ig a t io n ,  u t i l i s i n g  double ir r a d ia t io n  te c h n iq u e s , were
u n s u c c e s s fu l ,  but GC-MS a n a ly s is  showed th e  5$  component to  be th e  
102ex p ected  2-m eth y l cycloh exan one ( 1 1 0 ) ,  w h ile  th e  15^ component 
was shown to  be iso m e r ic  w ith  th e  d e s ir e d  enone (9 3 )«  The UV 
spectrum  o f  th e  m ixture showed o n ly  th e  a b so r p tio n  e x p ec te d  fo r  th e  
major product ( ^ ^ ^  224nm,€735 0 )•
Assuming th e  major contam inant (15a ) "tt1® p r e v io u s ly
proposed  /3 ,$  enone ( 1 2 5 ) ,  u n su c c e s s fu l a ttem p ts  were th en  made to  
a lt e r * th e  r a t io  o f  t h i s  product to  th e  d e s ir e d  enone (9 3 )  by 
trea tm en t w ith  b a s e .  The f a i l u r e  o f  t h i s  a ttem p t su g g e s te d
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e q u i l ib r a t io n  betw een th e  oc ,£  and enones (93* 125) and a
ch em ica l se p a r a tio n  method w as, t h e r e f o r e ,  d e v is e d .  I t  was %
hoped th a t  s e l e c t i v e  e p o x id e t ^ n ^ ^ ’ o f  x h e /3 ,^  isom er ( 1 2 3 )  
would le a d  to  a m ixture o f  th e  /3,g ep ox id e  (1 2 6 } and o:,/3 enone 
(9 3 ) which would be more amenable t o  chrom atographic se p a r a t io n  
than  th e  p a ren t m ixture (y3> 123}* R e s u lt s  were d is a p p o in t in g ,  
how ever, -  in s t e a d  o f  s e l e c t i v e  e p o x id a t io n , E aeyer—YiJLlig^r 
o x id a t io n  o ccu rred , p rod u cin g  a m ixture o f  la c to n e s  and t h i s  
method was, c o n se q u e n tly , abandoned.
B ecause o f  th e s e  f a i l u r e s ,  th e  chrom atographic b ehaviour o f  
th e  k e to n ic  m ixture was e x p lo r ed  f u r t h e r .  TlA> ana column  
chrom atography on v a r io u s  g ra d es c f  s i l i c a  ana alum ina were 
u n s a t i s f a c t o r y ,  e i t h e r  b ecau se  no se p a r a t io n  was a ch ie v ed  o r ,  
p a r t ic u la r ly  w ith  a lum ina , b ecau se  th e  m a te r ia l a p p lie d  to  th e  
column was n ot r ec o v ered  in  i t s  o r ig in a l  s t a t e .  The o n ly  
tech n iq u e  found t o  g iv e  a p r a c t ic a b le  s e p a r a t io n  was TLC on 
AgNO^-impregnated s i l i c a .  A lthough r a th e r  u n w ie ld y  on a la r g e  
s c a l e ,  t h i s  method e v e n tu a lly  produced 66%  r e c o v e r y  o f  a p p a r e n tly  
pure (by  TLC and G I£} 6 -m eth y l c y c lo h e x -2 -e n - l-o n e  (9 3 )  -  or so  
i t  was th o u g h t!
F o r , a lth o u g h  th e  IR , Nmr, MS and UV s p e c tr a  o f  t h i s  m a te r ia l  
appeared to  con firm  i t s  id e n t i t y  a s  th e  d e s ir e d  6 -m eth y l enone 
( 9 3 ) ,  i t  was l a t e r  found to  c o n ta in  l6 £  o f  i t s  2 -m eth y l isom er  
(1 2 7 )*  T h is  d is c o v e r y  was made a f t e r  LAH r e d u c t io n  and s e p a r a t io n  
o f  th e  a lc o h o l p ro d u cts  when 2 -m eth y l c y c lo h e x - 2 - e n - l - o l  ( 1 2 8 ) was 
i d e n t i f i e d ,  s u g g e s t in g  th e  p resen ce  o f  i t s  enone p r e c u r so r ,
2 -m eth yl c y c lo h e x -2 -e n - l-o n e  ( 1 2 7 ) a s  an in se p a r a b le  im p u r ity  in  
th e  sample o f  su p p o sed ly  pure 6-raethyl c y c lo h e x -2 -e n - l -o n e  ( 9 3 ) .
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( i i )  iso P r o p y l neri.es
B irch  r e d u c tio n  o f  2 - isu p r o p y l a n is o le  ( 8 9 ) produced a fo u r  
component m ix tu re , com p risin g  s t a r t in g  m a te r ia l ( 8 9 , 14/^) and th r e e  
p ro d u cts  ( r e l a t iv e  c/ c i  1 1 , 1 4 , 6 l ) *  IR and ftmr a n a ly s is  o f  th e  
m ixture id e n t i f i e d  th e  major component (6lf?J a s  th e  ex p ec te d  3 ,6  
dihydro a n is o le  ( 119 ) •
A cid  h y d r o ly s is  gave a m ixture shown t o  c o n ta in  2- is o p r o p y l  
a n is o le  (8 9 , 1 4 % )  and fo u r  o th er  com ponents ( r e l a t i v e  % t  1 0 , 2 ,
2 0 , 5 4 )•  A n a ly s is  o f  t h i s  m ixture was co m p lica ted  "by th e  f a c t  
th a t  th e  major im p u rity  (20 f t )  and th e  a n is o le  ( 8 9 ; 14^) T.rere 
in se p a r a b le  on a v a ila b le  GI£ sy ste m s, but an e s t im a te  o f  th e  amount 
o f  a n is o le  was o b ta in ed  from Nmr* As in  th e  m ethyl s e r i e s ,  th e  
m ixture was seen  to  c o n ta in  both  sa tu r a te d  and u n sa tu ra ted  
k e to n e s  (IR : 1720 , 1690cm’"1 ) w h ile  i t s  Nmr spectrum  dem onstrated  
th a t  th e  major product w as, in d eed , th e  d e s ir e d  6- is o p r o p y l  
c y c lo h e x -2 -e n - l-o n e  (9 4 )#
TLC and column chrom atography f a i l e d  t o  sep a ra te  th e  k e to n ic  
com ponents o f  th e  m ix tu re , but p r e p a r a tiv e  GLC d id  e f f e c t  a . 
s e p a r a t io n , a lb e i t  a t  h ig h  c o s t  in  lab ou r and y i e l d  -  o n ly  
rec o v e r y  o f  th e  d e s ir e d  6- is o p r o p y l enone (9 4 )  was ob ta in ed *
C on seq u en tly , e f f o r t s  were th en  d ir e c te d  tow ards improvement 
o f  th e  y i e l d  from B irch  r e d u c tio n  and o f  th e  se p a r a tio n  e f f ic ie n c y *  
R e p e t it io n  o f  th e  r e d u c t io n , over a lo n g e r  p e r io d , y ie ld e d  
a m ixture c o n ta in in g  o n ly  2 %  o f  th e  s t a r t in g  m a te r ia l ( 8 9 ) ,  
w hich , by th a t  t im e , c o u ld  be sep a ra ted  from th e  major im p u rity  
on an improved GLC sy stem , and an in c r e a se d  amount ( b 9 % )  o f  th e  
d e s ir e d  enone (94 )*
O ther se p a r a tio n  methods were in v e s t ig a t e d .  Of t h e s e ,  
"dry-colum n chrom atography"11  ^ appeared to  be th e  most p rom isin g  
and a f t e r  e x te n s iv e  t e s t i n g ,  was shown to  be th e  method o f  ch o ice*
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U sin g  t h i s  m ethod, 5^5 r e c o v e r  o f  th e  enone (9 4 ) was a ch iev ed  
.and th a t  in  a very  much sh o r te r  tim e than was req u ired  fo r  
p r e p a r a tiv e  GLC.
The major im p u r it ie s  were a ls o  id e n t i f i a b l e  a f t e r  s e p a r a tio n
by !!dry-colum n chrom atography'1 and were shown t o  be 2- is o p r o p y l
cycloh exan one ( 111 , 1lA c/ o o f  m ixtu re) and 2—iso p r o p y l c y c lo h e x —2—
e n - l-o n e  ( 1 2 9 , 15^ o f  m ixture)#
( i i i )  t e r t .B u t y l  s e r ie s
B irch  r e d u c tio n s  o f  2 - t e r t .b u ty l  a n i l in e  (9 1 ) and o f  i t s
N ,N -d im eth y la ted  analogue ( 9£ )  were t o t a l l y  in e f f e c t i v e ,y i e l d i n g
h ig h  rec o v ery  o f  s t a r t in g  m a te r ia ls  and on ly  t r a c e s  o f  p rod u cts#
102T h is  u n exp ected  d isc o v e r y  le d  to  a ttem p ts  b e in g  made to
reduce 2- t e r t .b u ty l  a n is o le  (9 0 ) u s in g  th e  improved B irch
110r e d u c tio n  procedure , a lth ou gh  Stork  and White had found i t  to
be an u n s a t is fa c to r y  su b s tr a te  under t h e ir  c o n d it io n s # * ^
B irch  r e d u c tio n  Qf t h i s  a n is o le  ( 90) gave 95$ y i e l d ,  a f t e r
a c id  h y d r o ly s is ,  o f  a four-com ponent m ix tu re , com p rising  th r e e
p ro d u cts  ( r e l a t iv e  1 7 , 1 8 , 4 0 ) and s t a r t in g  m a ter ia l ( 9 0 , 25$ ) .
As in  th e  m ethyl and i s o p rop yl s e r i e s ,  th e  m ixture was seen
to  c o n ta in  both  sa tu r a te d  and u n sa tu ra ted  k e to n es  (iR : 1720 ,
1685cm’*'*'). Nmr a n a ly s is  o f  th e  m ixture was more com plex than
b e fo r e  but i t  d id  prove p o s s ib le  to  determ ine th a t  th e  major
component was th e  d e s ir e d  6- t e r t .b u ty l  c y c lo h ex -2- e n - l -on e  ( 9 5 ) *
A lthough th e  th r e e  k e to n ic  p rod u cts were in se p a r a b le  by
’'normal" TLC, th e  u se  o f  m u lt ip le  developm ent te c h n iq u e s  r e s u lt e d
*  In  p r a c t ic e ,  t h i s  f ig u r e  was o f te n  fu r th e r  in c r e a se d  (by up 
t o  20*jo) by reru n n in g  p a r t i a l l y  sep a ra ted  m ix tu res .
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C o n ta in s  a p p ro x im a te ly  1 O f- o f  i t s  2—m ethyl isom er (1 2 7 )
in a p a r t ia l  s e p a r a t io n , which was .e x p lo ite d  "by chromatogramming 
th e  m ixture on a s i l i c a ,  g e l  colum n.
E x te n s iv e  t e s t in g  le d  to  a p r a c t ic a b le  method fo r  se p a r a tin g  
th e  k e to n ic  components w hich , in  order o f  e lu t io n ,  were shown to  
be 2 - t e r t .b u ty l  a n is o le  ( 9 0 ) ,  2 - t e r t .b u t y l  cycloh exan one ( 1 1 2 ) ,  
2 - t e r t .b u ty l  c y c lo h e x -2 -e n - l-on e (130) and 6 - t e r t .b u ty l  c y c lo h e x -  
2 -e n - l-o n e  (95 )#  U sing t h i s  method, th e  d e s ir e d  enone (9 5 ) was 
rec o v ered  in  66^ y i e l d .
R e p e t it io n  o f  th e  B irch  r e d u c tio n  under d i f f e r e n t  c o n d it io n s  
produced a m ixture c o n ta in in g  35$ o f  t h i s  enone (95)>  o f  which  
58^ was r e c o v e r a b le , u s in g  th e  method above*
b* A n a ly s is  o f  6 - a lk y l  e y e lo h e x - 2 - e n - l -o n e s
The r e le v a n t  s p e c tr o s c o p ic  and. a n a ly t ic a l  d a ta  o f  th e  6 -a lk y l  
c y c lo h e x -2 -e n - l-o n e s  (9 3 , 9 4 , 95) formed by B irch  r e d u c tio n  are  
shown in  T able 2 .
The enones (93* 9 4 , 95) e x h ib ite d  v ery  s im ila r  IR , Nmr and 
UV s p e c tr a .  P a r t ic u la r ly  s ig n i f i c a n t  were th e  Nmr s ig n a ls  due 
to  th e  v in y l  p roton s*  appeared to  low er f i e l d  than  Ha , as
e x p e c te d ^ ^ *  They were v i c i n a l l y  coup led  (J  » 10 H z .)  and 
had a d d it io n a l v i c in a l  c o u p lin g  to  th e  two p ro to n s  a t C-4 (J  » 4Hz.) 
and a fu r th e r ,  sm a lle r  c o u p lin g , presum ably v ia  a "W" c o n f ig u r a t io n  
t o  one o f  th e  p ro to n s  on C—5 (J  85 lH z*),^^^ w h ile  had a d d it io n a l  
a l l y l i c  c o u p lin g  to  th e  two p ro to n s a t C-4 (J  ** 2H z*).
The f a c t  th a t  th e  c o u p lin g  o f  th e  two p ro to n s  a t C-4 to  e i th e r  
Ha  or produced a t r i p l e t  su g g este d  th a t th e  C-4 p ro to n s were 
sy m m etr ica lly  d isp o se d  about th e  p la n e  formed by C -2 , C—3 and 
C -4 . . T h is  would be ex p ec te d 11^’ f o r  th e  monoplanar " h a lf-c h a ir "  
con form ation  (F ig u re  l a  ) in  which th e  carbonyl and double bond
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dc n o t l i e  in  th e same p la n e , hut .would not he p o s s ib le '1105 11^
f o r  th e  1 ,  2 d ip la n a r  or "envelope" conform ation  (F igu re  lh )
where th e  carb on yl and o l e f i n i c  groups are co p la n a r . In  th e
"envelope"  con form ation , th e  v i c in a l  c o u p lin g  o f  t o  would  
!! 17he n e g l ig ib le  ' s in c e  th e  d ih ed ra l an g le  (0 ? ) betw een them i s
»
app rox im ately  90° w h ile  th e  co u p lin g  to  would be a p p r e c ia b le ,11^
(0^ ~  3 0 ° ) .  Thus, c o u p lin g  o f  t c  th e p ro to n s a t  C-4 would
produce a d ou b let f o r  t h i s  con form ation , w h ile  fo r  th e  " h a lf -
ch a ir"  a t r i p l e t  would be ex o ec ted  s in c e  0 «  0^ i*1 th a t
co n fo rm a tio n . C o n v e rse ly , th e  a l l y l i c  c o u p lin g  o f  Ha  to
U Swould be n e g l ig ib le  in  th e  "envelope" conform ation  (0^ ~  3 0 °)  
w h ile  th a t  to  would be a p p r e c ia b le 11 ~  90° ) ,  th u s
p rod u cin g  a d ou b let fo r  t h i s  con form ation  but a t r i p l e t  in  th e
" h a lf -c h a ir "  (0
T hus, th e  o b se r v a tio n  o f  t r i p l e t s  f o r  th e  c o u p lin g  o f  Hec
and H^ j t o  th e  p roton s, a t  C-4 s u g g e s ts  th a t  th e p r e fe r r e d
con form ation  o f  th e  enones (93* 94* 95)* in  s o lu t io n ,  resem b les
th e  " h a lf -c h a ir "  r a th e r  than  th e  "envelope'-' •
The con form ation  o f  ey e lo h e x - 2 - e n - l -o n e s  in  s o lu t io n
119h as been  a m atter o f  debate , fo r  some s tu d ie s  have shown th a t  
th e  carbonyl' and con ju g a ted  o l e f i n i c  bond are not norm ally  
co p la n a r1 2 0 ’ 121 (F ig u re  l a )  w h ile  o th e r s1 2 2 ’ 1 2 3 ’ 124 have
favou red  th e  cop lan ar s tr u c tu r e  (F igu re  lb )  on th e  b a s is  o f
122 123 124m icrow ave, Nmr, and c ir c u la r  d ichroisra a n a ly s is* ,
c*  C o n c lu s io n s
Summaries o f  th e  r e s u l t s  o b ta in ed  from th e  v a r io u s  E irch  
r e d u c t io n s  are g iv e n  in  T ab les 3 and 4«
( i )  The i s o la t e d  y i e l d s  o f  6 -a lk y l  c y c lo h e x -2 —e n - l-o n e s  (93» 9 4 ,
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T able 3* Summary o f  r e s u l t s  from B irch  r e d u c t io n s  o f  2 - a lk y l
P roduct d is t r ib u t io n  (£ ) r e c o v e r y  
o f  
6- a lk y l
jr e p o r te d
. , ,  . ' , . , 1 0 2  y ie ld * y ie l d
; 89 " R=Pr 10 20
i 8 9  R =P r
i 90 ' R=Bu
10
9 0  R=Bu
a* Standard c o n d i t i o n s ' ^  b . Lonyer r e r c t io n  tim e c .  H igher  
c o n c e n tr a t io n  o f  s u b s tr a te  d . A n a ly s is  a f t e r  LAH r e d u c t io n  
e*. A n a ly s is  by n .m .r . f .  sep a ra ted  by AyTTO^-impreynated t . l . c .  
y . S ep arated  by p r e p , y . l . c .  h .  S eparated  by dry-colum n chroma­
tography"^^ j .  S ep arated  by column chrom atography.
T ab le 4* D is t r ib u t io n  o f  k e to n ic  p ro d u cts  from B irch  r e d u c t io n .*
a .  r a t i o  o f ‘u n sa tu r a te d  t c  sa tu r a te d  k e to n e s .
b . r a t i o  o f  6- a lk y l  t o  2 ~ a lk y l en o n es .
S u b str a te a . C o l.  1 a . C o l• 2 a . C o l. 3 b .
88 R=J.?e 9 3 :7 94 s 6 75:25 8 3:17
89 R=Pr1 84 s 16 88 :1 2 5 0 :5 0 73 :2 7
90 R=But 7 0 :3 0 7 7:23 6 7:33 6 9:31
* A ll  v a lu e s  r e p o r te d  r e f e r  to  stand ard  conditions"*"^
C o l. 1 = 6 - a lk y l  e n o n e /sa tu r a te d  k eton e
C o l. 2 = '6 -  and 2 - a lk y l  e n o n e s /s a tu r a te d  k eto n e
1 Q 9
C o l. 3 = r e p o r te d  r a t io "  o f  e n o n e /sa tu r a te d  k eto n e
95) &re  seen  to  be su p e r io r  t o  th o se  o b ta in ed  by S tork  and 
102White fo r  th e  is c p r o p y l and t e r t .b u t y l  s e r i e s ,  th u s
HOj u s t i f y in g  th e  c h o ic e  o f  r e d u c tio n  procedure (T ab le 3 ) .
( i i )  S im ila r ly  th e  r a t io  o f  u n sa tu ra ted  to  s a tu r a te d  k eton e
has been  im proved f o r  each o f  th e  s e r ie s  (T ab le  4 a ) • D ir e c t
102com parison w ith  th e  r e s u l t s  o b ta in ed  by S tork  and White
(C ol* 3 ) i s  hampered, how ever, by th e  d i f f i c u l t y  o f  knowing
which o f  th e  v a lu e s  (C ol* 1 or 2) corresp on d s to  t h e i r  r e s u l t
(C ol* 3 ) s in c e  i t  i s  p o s s ib le  th a t  th e  2 -a lk y l  c y c lo h e x - 2 - e n - l -
ones ( 1 2 7 , 1 2 9 , 1 3 0 ) ,  a lth ou gh  u n d e te c te d , may have b een  p r e se n t
in  t h e i r  sa.mples o f  6 -a llc y l c y c lo h e x -2 -e n - l-o n e s  (93* 9 4 , 95)
and may t h e r e f o r e ,  have been u n w it t in g ly  in c lu d e d  in  th e  
102re p o r te d  r a t io s  o f  u n sa tu ra ted  t o  sa tu r a te d  k eton es*
The ob served  d ecre a se  in  t h i s  r a t io  (a s  determ ined  from t h i s  
stu d y ,' T ab le  4 ,  C o ls , 1 ,2 )  as th e  s i z e  o f  th e  a lk y l group in c r e a s e s  
i s  presum ably r e la t e d  to  e i t h e r  th e  ea se  o f  c o n ju g a tio n  6 f  th e  
in te r m e d ia te  1 ,4 -d ie n e s  (IT 8 , 119* 120) or  t o  th e  e a s e  o f  
r e d u c t io n  o f  th e  r e s u l t i n g  1 ,3 -d ie n e s  (113* 1 1 4 , 1 1 5 ) or to  both*
( i i i )  The fo rm a tio n  o f  th e  2 - a lk y l  c y c lo h e x -2 -e n - l-o n e s  (1 2 7 , 1 2 9 ,
1 3 0 ) ,a lth ou gh  u n exp ected  a cco rd in g  to  th e  work o f  S tork  and 
102W hite, i s ,  in  f a c t ,  in  agreem ent w ith  r e s u l t s  o b ta in ed  by
107Sm ith , who, u s in g  sodium , w ith  e th a n o l as p ro ton  so u r c e , found
th a t  2 -m eth yl (8 8 ) and 2 - is o p r o p y l a n is o le  ( 8 9 ) produced m ix tu res  
c o n ta in in g  th e  2 - a lk y l  c y c lo h e x -2 -e n - l-o n e s  ( 1 2 7 , 1 2 9 ) in  a d d it io n  
to  t h e i r ’ 6 - a lk y l  iso m ers (93* 94) and sa tu r a te d  k e to n e s  (1 1 0 , 1 1 1 ) .  ' 
The rea so n  fo r  th e  occu rren ce o f  2 ,5 -r e d u c t io n  to  g iv e  th e  
en o l e th e r s  (1 3 1 , 1 3 2 , 133) from which th e  2 - a lk y l  en on es ( 1 2 7 ,
1 2 9 , 1 30 ) were form ed a p p e a r s^ ^  to  be r e la t e d  to  s e l e c t i v i t y  
in  th e  a d d it io n  o f  th e  f i r s t  p ro ton  to  th e i n i t i a l  r a d ic a l
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a n ion s \134> 135> 1 3 6 ) .  Whether t h i s  i s  d ir e c te d  e x c l” s i v e l y ,
or o n ly  p a r tly , by th e  charge d is t r ib u t io n 1 "  ^ i s  s t i l l  a n a t t e r  o f  
1 °6 —131
d eb ate and i s  u n l ik e ly  to  be s e t t l e d  u n t i l  an
ex p er im en ta l method can be d e v ise d  to  d ec id e  which p roton  i s  added
f i r s t .
The observed  d ecrea se  in  th e r a tio , o f  6 - t o  2 -a lk y l enones
as th e  s i z e  o f  th e  a lk y l group in c r e a se s  (T able 4b) may be
a s s o c ia t e d  w ith  th e  g r e a te r  e le c t r o n - r e le a s in g  e f f e c t  o f  th e
a lk y l  group to  th e  para (C -5) ra th er  than  th e  orth o  (C -3)
. . 132
p o s i t i o n ,  th ereb y  le a d in g  to  an in c r e a se d  amount o f  2 ,5  
r e d u c t io n  a s  th e a b i l i t y  o f  th e  a lk y l group to  supp ly  e le c t r o n s  
in c r e a s e s .
( i v )  A lthough ev id en ce  fo r  i t s  p resen ce i s  c ir c u m s ta n t ia l ,  th e
proposed  form ation  o f  th e  /3 ,^ -en on e (12S)' from r e d u c tio n  o f
2-m ethyl a n is o le  (8 8 ) i s  not e n t i r e ly  u n exp ected  s in c e  i t  has been  
133dem onstrated  th a t  th e  eq u ilib r iu m  r a t io  o f  oc,£ and isom ers
133o f  some 4 - a lk y l  c y c lo h e x -2 -c n - l-o n e s  i s  7 0 :3 0 , a lth ou gh  fo r  
c y c lo h e x -2 -e n - l-o n e ,  i t s e l f ,  th e  r a t io  i s  99*1
4 .- R ed u ction  o f  6 -a lk y l1 c y c lo h e x -2 -e n - l-o n e s :  p rep a ra tio n  o f  
6 - a lk y l  c y c lo h e x - 2 - e n - l - o l s .
The o b je c t iv e  o f  t h i s  s e c t io n  o f  work was to  prepare th e  
6 - a lk y l  c y c lo h e x - 2 - e n - l - o l s  (9 6 -101) by re d u c tio n  o f  t h e ir  enone 
p r e c u r so r s  (93* 94* 9 5 )•
I n i t i a l l y ,  e f f o r t s  were d ir e c te d  tow ards th e  s e p a r a tio n  c f  
th e  a lc o h o l ic  p rod u cts  from n o n - s e le c t iv e  r e d u c tio n  p r o c e s s e s ,  
but em phasis l a t e r 1 s h i f t e d ,  because o f  sep a ra tio n  prob lem s, tow ards 
s t e r e o -  and r e g i o s e l e c t i v e  r e d u c t io n . When d is a p p o in t in g  r e s u l t s
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were obtained there, the circle was completed "by returning 
attention to the improvement of the available separation methods.
a . Product a n a ly s is
The v a r io u s  r e d u c t io n s  o f  th e  enones (9 3 ,  9 4 , 95) produced  
com plex m ix tu res o f  p r o d u c ts , whose a n a ly s is  was co m p lic a te d  by 
d i f f i c u l t i e s  in  t h e ir  p h y s ic a l  s e p a r a tio n  and by th e  f a i l u r e  o f  
GLG, th e  main a n a ly t ic a l  tech n iq u e  em ployed, to  d is t in g u is h  a l l  
o f  th e  com ponents. P o t e n t ia l ly  th e  most s e r io u s  o f  th e s e  
c o m p lic a t io n s  was th e  f a i l u r e  o f  GLC t o  s e p a r a te , in  th e  is o p r o p y l  
and t e r t .b u t y l  s e r i e s ,  th e  tr a n s  sa tu r a te d  a lc o h o ls  ( 1 3 8 , 1 3 9 ) 
from th e  co rresp o n d in g  c i s  u n sa tu r a te d  a lc o h o ls  (2&, 100) •
T h is  problem  was c ircu m v en ted , how ever, by two fa c t s *  i )  th e  c i s  
sa tu r a te d  a lc o h o ls  (1 4 1 , 1 4 2 ) were e s t im a b le  by GLC and i i )  th e  
r a t io  o f  c i s  to  tr a n s  s a tu r a te d  a lc o h o ls  c o u ld  be d eterm ined  from  
a p p ro p ria te  r e d u c t io n  o f  th e  corresp o n d in g  sa tu r a te d  k e to n e s  
( 1 1 1 , 1 1 2 ) ,  th ereb y  p e r m itt in g  e s t im a t io n  o f  th e  amount o f  tr a n s  
sa tu r a te d  a lc o h o ls  (1 3 8 , 1 3 9 )* In  p r a c t ic e ,  how ever, t h i s  
problem was seldom  as s e r io u s  a s  had been fe a r e d  s in c e  th e  amounts 
o f  sa tu r a te d  a lc o h o ls  ( 1 3 8 , 1 39 , 1^-1, 142 ) form ed were g e n e r a l ly  
s l i g h t .  (<5?0
In  s p i t e  o f  th e s e  and o th er  d i f f i c u l t i e s ,  i t  e v e n tu a lly  proved
p o s s ib le  to  i d e n t i f y ,  though n o t n e c e s s a r i ly  i s o l a t e ,  th e  p ro d u cts
o f  th e  r e d u c t io n s  by a com b in ation  o f  a n a ly s e s  o f  th e  p rod u ct
m ix tu r e s , th e m se lv e s , and o f  sep a ra ted  and p a r t i a l l y  separa-ted  
*
components. Techniques of particular value for the analysis of
* The d e t a i l e d  a n a lj^ sis  o f  th e  6 - a lk y l  e y c l o h e x - 2 - e n - l - o l s  ( 9 6 -  
101) i s  g iv e n  l a t e r  (p* 39 ).•
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• 6-methyl
©OH ©OH ©OH
Me Me
m.
rMe
T3. 2-methyl
F i r r r e  2* ?rS o f  r .o+>rl crc?. o h e ~ - - - e r - l - o l s
100 OH
OH100
100
Me
128
80 120100 11090e
' n o n -sep a ra ted  com ponents were GLC c o - in j e c t io n  w ith  a u th e n tic  
m a te r ia ls  [enones (9 3 , 9 4 , 95)?  sa tu r a te d  k e to n e s  (1 1 0 , 1 1 1 , 1 1 2 ) ,  
c i s  sa tu r a te d  a lc o h o ls  ( l4Q , 141 , 1 4 2 ) and tr a n s  sa tu r a te d  a lc o h o ls  
(1 3 7 , 1 3 3 , 1 3 9 )] when th e s e  became a v a i la b le ,  and GC-KS#
The GC-M3 a n a ly s is  o f  th e  r e d u c tio n  p ro d u cts  from th e  
a p p a ren tly  pure 6 -m eth y l enone (9 3 ) i s  worthy o f  n o te  s in c e  t h i s  
d e te c te d  th e  u n exp ected  p resen ce  o f  th r e e  iso m e r ic  a l l y l i c  a lc o h o ls  
( 9 6 , 9 7 , 1 2 8 )# D i f f e r e n t ia t io n  o f  th e  s tr u c tu r a l  iso m ers a s  
6-m eth y l ( 9 6 , 97) or- 2 -m eth y l (1 2 8 ) was s tr a ig h tfo r w a r d  s in c e  th e  
c i s  and tr a n s  6 -m eth y l a lc o h o ls  ( 9 6 , 97) showed v i r t u a l l y  
id e n t ic a l  fra g m en ta tio n  p a t te r n s  w h ile  th a t  o f  t h e ir  2 -m eth y l 
isom er ( 1 2 8 ) was q u ite  d i f f e r e n t  (F ig u re  2).' T h e ir  major 
d if f e r e n c e  liras th e  la c k  o f  a b ase  peak a t m/e 70 in  th e  l a t t e r ,  
a t t r ib u t a b le  to  th e  f a c t  t h a t ,  u n lik e  i t s  6 -m eth y l iso m ers  ( 9 6 , 9 7 ) ,  
th e  2 -m eth y l a lc o h o l ( 1 2 7 ) w i l l  n ot undergo <x-cleavage fo llo w e d  by  
propene l o s s  b ecau se o f  th e  a lr ea d y  h igh  e le c t r o n  d e n s ity  on th e  
m e th y l-b ea r in g  carbon (Scheme 4 )#
b# S ep a ra tio n  o f  p ro d u cts
E x te n s iv e  e f f o r t s  t o  se p a r a te  th e  product m ix tu res  were 
fra u g h t w ith  d i f f i c u l t y #  I t  proved  alm ost t o t a l l y  im p o ss ib le  to  
o b ta in  a s e p a r a t io n  o f  th e  ep im ers o f  th e  m ethyl and is o p r o p y l  
a l l y l i c  a lc o h o ls  ( 9 6 , 97? 9 § , 99) from one an oth er by TLC or  
column chrom atography on v a r io u s  grad es o f  s i l i c a  or e.lum ina, 
a lth ou gh  some s u c c e s s  was a ch iev ed  in  se p a r a tin g  th e s e  a l l y l i c  
a lc o h o ls  (9 6 -9 9 )  fro®  o th er  com ponents o f  th e  product m ixtu res#  
Of p a r t ic u la r  v a lu e  in  t h i s  c o n te x t  was th e  u se  o f  TLC on AgNO^- 
im pregnated  s i l i c a  , which a llo w ed  a se p a r a tio n  o f  th e  6 -m eth y l 
a lc o h o ls  ( 9 6 , 9 7 ) frcm  t h e ir  2 -m eth y l isom er ( 1 2 6 ) and from th e
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T able 5* P r e p a r a tiv e  C-LC se p a r a t io n  o f  a l l y l i c  a lc o h o l s .
OHCr OHO"
R
compound
n o .
r e c o v e r y
/-
p u r ity
<<
r
compound
no.
rec o v ery
/■
p u r ity
s/-
're 96 21 86 97 27 93
,P r“ 98 16 98+ 99 60 99+
100 29 96 101 29 88
- sa tu r a te d  a n a lo g u es (1 3 7 , 1 4 0 )*
The o n ly  l iq u id  chrom atographic se p a r a tio n  o f  th e  a l l y l i c  
epim ers a ch ie v ed  was in  th e  t e r t .b u ty l  s e r ie s  ( 1 0 0 , 1 0 1 ) ,  21% 
reco v ery  o f  th e  c i s  epim er (1 0 0 , 96% p u re) b e in g  r e a l i s e d  on a 
s i l i c a  colum n, w h ile  75% r e c o v ery  o f  97% pure a lc o h o l ( 1 0 0 ) was 
o b ta in ed  by m u lt ip le  developm ent PLC• ‘ However, n e ith e r  method  
s u c c e s s f u l ly  y ie ld e d  h ig h  r e c o v ery  o f  th e  minor com ponent, th e  
tr a n s  a lc o h o l ( lO l)  -  in  f a c t ,  o n ly  27% rec o v ery  o f  o n ly  58% pure
- i
a lc o h o l ( lO l)  co u ld  be a c h ie v e d .
S im ila r ly ,  e f f o r t s  t o  se p a r a te  th e  a lc o h o l ep im ers (9 6 - 1 0 1 )
v ia  t h e i r  2 ,6 -d ic h lo r o b e n z o a te  d e r iv a t iv e s  (3 9 , 4 0 , 4 1 ,  § 1 , 8 2 , 8 3 )
were f r u s t r a t e d .  ( s e e  l a t e r  p . 47 )
The o n ly  s e p a r a t io n  method to  be s u c c e s s f u l ly  u sed  a t  th a t
tim e was p r e p a r a t iv e  GLC. A lthough compromise had to  be reach ed
betw een  th e  a tta in m en t o f  r ea so n a b le  rec o v ery  and a r e a so n a b le
degree o f  p u r ity ,  i t  was p o s s ib le  to  o b ta in  s a c r i f i c i a l l y  sm all
q u a n t i t ie s  o f  each  o f  th e  a l l y l i c  a lc o h o l ep im ers ( 96-IO I)  (T ab le  5 ) .
The o b v io u s ly  u n s a t i s f a c t o r y  se p a r a t io n s  so  fa r  o b ta in e d
prompted fu r th e r  stu d y  o f  th e  r e d u c tio n  p r o c e s s e s  th e m se lv e s  w ith
a v iew  to  a c h ie v in g  a h ig h e r  degree o f  s t e r e o s e l e c t i v i t y ,  th ereb y
le s s e n in g  th e  se p a r a t io n  prob lem . For s e v e r a l r e a s o n s ,
p a r t ic u la r ly  a v a i l a b i l i t y  o f  th e  enones (9 3 , 9 4 , 9 5 ) ,  fu r th e r
in v e s t ig a t io n  was la r g e ly  r e s t r i c t e d  to  th e  i s o p rop y l s e r i e s .
The r e s u l t s  o b ta in ed  were d is a p p o in t in g , how ever, th e  d e s ir e d  d egree
o f  s t e r e o s e l e c t io n  b e in g  o n ly  p a r t i a l l y  a t ta in a b le  in  th e  absence
o f  co n ju g a te  r e d u c tio n  ( s e e  l a t e r  -  pp . 42- 4 6 , T ab le 9)*
A cco rd in g ly  fu r th e r  chrom atographic exp erim en ts were
u n d ertak en , u t i l i s i n g  th e  te c h n iq u e s  o f  "dry-coluran  
113chrom atography” and PLC on h ig h ly  a c t iv a te d  s i l i c a  la y e r s  but 
t h e s e ,  t o o ,  were t o  no a v a i l .
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The s e p a r a t io n  o f  .s u ita b le  d e r iv a t iv e s ,  o th er  than  th e
2 ,6 -d ic h lo r o b e n z o a te s  (40* 82) was p u rsu ed , e x p lo i t in g  th e  f a c t
th a t  w ith  d i f f e r e n t  red u c in g  a g en ts  i t  had been found p o s s ib le
t o  a l t e r  th e  r a t io  o f  c i s  to  tr a n s  a lc o h o ls  ( 9 8 , 99 ) from ~T :2
(e x  LAH) to  ~3*1  (e x  a i - i s o b u t y l  aluminium h y d r id e , DBAH)# Prom
th e s e  two d i f f e r e n t  m ix tu res  o f  a lc o h o ls ,  two m ix tu res  o f  th e
co rresp o n d in g  3>5“ d ir itr o b e n z o a te s  ( 8 4 , 8 5 ) were prepared  in  h ig h
y ie ld #  V ery slow  f r a c t io n a l  c r y s t a l l i s a t i o n  from hexane a ffo r d e d
th e  c i s  e s t e r  ( 8 4 ) from th e  c i s - r i c h  m ixture and th e  tr a n s  e s t e r
( 8 5 ) from th e  tr a n s - r ic h  m ixture# M onitoring  o f  th e
r e c r y s t a l l i s a t i o n  p ro ced u re , by LAH r e d u c tio n  o f  th e  e s t e r  m ix tu res  
and GI£ a n a ly s is  o f  th e  r e s u l t in g  a l l y l i c  a lc o h o ls  ( 9 8 , 99)*
a llo w ed  th e  reco m b in a tio n  and r e c r y s t a l l i s a t i o n  o f  a p p ro p r ia te  
f r a c t io n s  from th e  m other l iq u o r s ,  a f a c t o r  which in c r e a se d  th e  
o v e r a l l  r ec o v e r y  o f  th e  c i s  and tr a n s  e s t e r s  (84* 8 5 ) t o  68^ and 
60^:,. r e s p e c t iv e ly #  ■ * '
By th a t  tim e* th e  pure tr a n s  a l l y l i c  a lc o h o l (9 9 )*  i s o l a t e d  
by p r e p a r a t iv e  GLC, had a lr ea d y  been con v erted  in  15^ y i e l d  ( s e e  
l a t e r  p# 47 ) t o  i t s  2 ,6 -d ic h lo r o b e n z o a te  d e r iv a t iv e  (4 0 )#  Thus, 
i t  seem ed, th e  f i n a l  requ irem ent in  th e  is o p r o p y l s e r i e s  was to  
co n v ert th e  c i s  3 ,5 -d in it r o b e n z o a te  ( 8 4 ) ,  v ia  h y d r o ly s is  and 
r e —e s t e r i f i c a t i o n ,  t o  th e  c i s  2 ,6 -d ic h lo r o b e n z o a te  (6 2 )#
In  p r a c t ic e ,  t h i s  f i n a l  s ta g e  was n ot s a t i s f a c t o r i l y  
accom p lished  -  a f a c t  which was to  have more tha.n th e  o b v io u s  
s ig n if ic a n c e #  F o r , a s  i t  happened, th e  3,5*"(i in i t r o b e n s o a te  
d e r iv a t iv e s  th e m s e lv e s , (6 4 , 8 5 ) were la t e r  found to  be s u i t a b le  
s u b s tr a te s  f o r  stu d y  o f  th e  S ^ *  r e a c t io n #  By th e  tim e t h i s  was
The e s t e r s  ( 8 4 , 8 5 ) c o u ld  not be d i r e c t ly  a n a ly se d .
rif*urc 3"b. Pr.rtir-1 Prr.r r.^cctrn o f  trm r- C” C l o h c r - 2 - e n - l - o l s .
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F if i ir e  3r.* P r r + ir l  !Tmr s p e c tr a  o f  c i s  6 - a l k y l  c y c l o h e : s - 2 - e n - l - o l s .
Me
OH
100
4 .0
CM
CM rH
VOr'i m
vo vo
X CM
CM
r—IXo rHC\
rO
V-
VO
OVCO
CM
VO
r^i
< ’
CM
LTV
rHCV CM
§J COCM cccouv
CM
CM
m
o
H
d is c o v e r e d , how ever, a lm ost a l l  o f  th e  p r e c io u s  c i s  3 ,5 -  
.d in itr o b e n z o a te  ( 8 4 ) had been h y d ro ly sed  to  th e  a lc o h o l (£ § )  
u sed  in  a ttem p ted  p r e p a r a tio n  o f  th e  c i s  2 ,6 -d ic h lo r o b e n z o a te  (82)1  
C o n seq u en tly , some o f  th e  s tu d ie s  o f  th e  S ..21 r e a c t io n  o f  th e  
c i s  3 ,5 -d in itr o h e n z o a te  (8 4 ) had to  he perform ed u s in g  c i s  e s t e r  
(8 4 ) con tam in ated  w ith  up to  I lf '  o f  i t s  t r a n s  epim er ( 8 ^ ) ,  t h i s  
b e in g  th e  h ig h e s t  d egree o f  s ter e o c h e m ic a l p u r ity  o b ta in a b le  from  
th e  few  rem ain in g  sam ples o f  mother l iq u o r s  o f  th e  o r ig in a l  
r e c r y s t a l l i s a t i o n s *
c* A n a ly s is  o f  6 - a lk y l  c y c lo h e x - 2 - e n - l - o l s  : p ro o f o f
s tereo ch em istr y *
The s p e c tr o s c o p ic  and a n a ly t ic a l  d ata  f o r  th e  a lc o h o ls  are
shown in  T ab le 6*
The c o n f ig u r a t io n  o f  th e  a lc o h o ls  was a s s ig n e d  as  c i s  or tr a n s
on th e  b a s i s  o f  t h e ir  Nmr sp e c tr a  and con firm ed  by h y d ro g en a tio n
o f  th e  a l l y l i c  ep im ers (9 6 -1 0 1 ) and com parison o f  th e  r e s u l t i n g
sa tu r a te d  a lc o h o ls  (1 3 7 -142 ) w ith  a u th e n tic  m a te r ia ls*  F u rth er
c o n fir m a tio n  was a ffo r d e d , in  th e  is o p r o p y l s e r ie s ,b y  th e  m e lt in g -
p o in ts  o f  th e  tr a n s  2 ,6 -d ic h lo r o b e n z o a te  ( 4 0 and tr a n s  3 , 5 -
102d in itr o b e n z o a te  ( 8 5 )•
Nmr showed th e  th r e e  c i s  a lc o h o ls  ( 9 6 ,  9 8 , 1 0 0 ) to  have v ery  
s im ila r  s p e c tr a  (F ig u r e  3a) which were q u it e  d i f f e r e n t  from  th o se  
o f  t h e i r  tr a n s  ep im ers (9 7 ,  9 9 , 1 0 1 ) (F ig u r e  3b)*
In  p a r t ic u la r ,  th e  v in y l  and c a r b in o l re so n a n ces  o f  th e  c i s  
and tr a n s  ep im ers were v ery  d is t in c t iv e *  (F ig u r e s  3 a , 3b)*
The s p e c tr a  o f  th e  c i s  a lc o h o ls  ( 9 6 , 9 8 , 1 00 ) e x h ib ite d  narrow  
(wi = s ig n a ls  f o r  th e  v in y l  protons' w h ile  th o se  o f  th e  tr a n s
ep im ers (9 7 ,  9 9 , 101 ) were b ro a d er , more com plex r e so n a n c e s .
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Fimre 4* Corolinr constants 'md dihedral mfles; 6-rlk.yl 
cycloher-.'r-er.-'l-ols. (96-101)
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The ch em ica l s h i f t s  o f  th e  v in y l  p ro to n s were c o n s i s t e n t ly  to  
low er f i e l d  fo r  c i s ,  th e  ch em ica l s h i f t  d i f f e r e n c e s  betw een  th e  
epim ers b e in g  16 , 1 7 , and 1 9 H s.fo r  th e m eth y l, iso p r o p y l and 
t e r t .b u ty l  s e r i e s ,  r e s p e c t i v e ly .
S im ila r  d i s t in c t io n s  betw een th e  epim ers were n o ted  fo r  the  
c a r b in o l p r o to n s , th e  ch em ica l s h i f t  d i f f e r e n c e s  in  t h i s  c a se  b e in g  
2 0 , 9 a^d 8112 r e s p e c t i v e ly ,  w h ile  th e  d if f e r e n c e s  in  s ig n a l  w idth
were more pronounced (wx = 8h  ^ f o r  c i s ,  w± = 14-16Hs fo r  t r a n s ) ,
2 2
The d i f f e r e n c e  in  th e  h a lf-b s-n d  w id th s { w ± )  o f  th e  c a r b in o l p ro to n s  
i s  r a t io n a l i s e d  by r e fe r e n c e  to  F ig u re  4* The c a r b in o l p ro ton  
i s  v i c i n a l l y  cou p led  to  and and a l l y l i c a l l y  co u p led  to  H^.
The m agnitude o f  th e  c o u p lin g  c o n s ta n ts  i s  dependent upon th e
■ 1 1<7
r e le v a n t  d ih e d r a l a n g le  (9,^>) betw een th e  co u p led  p r o to n s .
B ecause o f  th e  g eo m etr ic  c o n s tr a in t s  p la c e d  upon th e c y c lo h e x e n o l
system  by th e  double bond, th e  c o u p lin g  c o n s ta n ts  J 0 and J
1 ,2  1 ,3
w i l l  be l i t t l e  d i f f e r e n t  fo r  th e  c i s  and tr a n s  ep im ers ^Figure 4 b ,
but th e  m agnitude o f  J ,  w i l l  be c o n s id e r a b ly  g r e a te r  c t  1,0
f o r  th e  tr a n s  than  f o r  th e  c i s  epim er (F igu re  4 c ,  4  <f>.) and- - c t
th e  h a lf -b a n d  w idth  o f  th e  c a r b in o l p ro ton  w i l l  c o n se q u e n tly  be  
g r e a te r  f o r  th e  tr a n s  ep im er, a s  fou n d .
T h is  a n a ly s is  o f  th e  s ig n a ls  due to  th e  c a r b in o l p ro to n s  i s  in  
q u a l i t a t iv e  agreem ent w ith  r e s u l t s  from th e  co rresp o n d in g  s a tu r a te d  
a lc o h o ls  C137“1 4 £ » P*54 )  where 6 ( c i s  CHUH; has been  found to  low er  
f i e l d  than  S i tr a n s  CHOH)  and wi ( c i s  CHOH) has been found  t o  be
sm a lle r  th an  (, t r a n s  CHOH; and i s  in  g en era l agreem ent w ith
.  ^  ^ 1 3 5 , 136s im ila r  s t u d ie s  m  o th e r  cy c lo h ex a n o l system s*
137The o v e r a l l  a n a ly s is  a p p a ren tly  c o n tr a d ic t s  Nmr stu d y  
o f  the' h yd rid e  r e d u c t io n  p rod u cts (1 4 3 , 144) from 6 -p h e n y l,
3 -m eth y l c y c lo h e x -2 -e n - l-o n e  1 1 4 5 ), where th e  c a r b in o l p ro to n  o f
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Tr/ble 7* LIS f o r  t h e  p r o t o n s  o f  c i s  and t r r n s  6 - i s o p r o p y l
c y c lo h e : : -2 -e n - l -o I  ( ° Q, ? °) .
C I S
0 .4 i:0 .2:
1 3 .51 0 . 2
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all LIS are expressed in p.p.m. dovmfield from the original 
position of the proton concerned.
'irure 5. Spatial relationship of protons H_ and to _____ L.   :_____ :_____   5a ______6 ____
lanthanide ion.
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(Q) = lanthanide ion- R = isopropyl
the trans epimer (l44) was found .to,lower field than that of the
cis epimer (l43) and the trans vinyl proton was found to exhibit
no coupling; w h ile  th e  c i s  p ro ton  gave r i s e  to  a 3 .7H s d o u b le t .
F u rth er  c o n f ig u r a t io n a l  c o n firm a tio n  was o b ta in ed  fr c n
extensive studies of lanthanide-shifted spectra of the isopropyl
alcohol epimers (98, 99) coupled with double irradiation
te c h n iq u e s . U n fo r tu n a te ly , s ig n a l broadening masked th e
coupling information being sought but it did prove possible to
identify the majority of the protons by combinations of
decoupling experiments, although reliable coupling constants could
n ot be obtained. The most significant information to emerge
from this study was, in fact, the magnitude of the lanthanide-
induced  s h i f t s  (LIS) o f  th e  v a r io u s  p ro to n s (T able 7)*
For a lc o h o l s ,  th e  oxygen -1an than ide bond le n g th  has been
estimated to be 2 * 5 -3 .OA ^-38,139,140 an .^ £ng i e C- 0 - 1 anthanide 
o 138 139 1 /0to  be 1 1 5 -1 4 0 , ~ ’ v  U sing th e s e  v a lu e s ,  a com parative
assessment of the LIS for the protons of the cyclohex-2-en-l-ol
system can be made by study of molecular models, since the
1/1magnitude of the LIS is known to exhibit both distance r and 
‘ 1/2angular dependence upon the relative spatial disposition of
the la n th a n id e  io n  and th e  p ro to n . O b v io u sly , such e s t im a te s
w i l l  vary  w ith  r o t a t io n  about th e  C~0 bond, making some o f  th e
p r e d ic t io n s  d i f f i c u l t .  However, the LIS o f  p ro to n s  H_ and H ,,pa o
although different for the different rotamers, will still show the 
same qualitative relationship vis. that in the cis alcohol (58) 
will be appreciably further shifted downfield than in the 
trans alcohol (99) since, in the former, it is nearer the lanthanide, 
while for Hg, the reverse will aoply (Figure 5)* 'The correlation 
between these predictions and the observed results (Table 7)
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I n fe r e n c e s  from 'Table 9 , o v e r le a f .
a . a n a ly s is  1 » by GLC TEL = L iA l(0 Ire ) .H
b . n o n -sep m •able by GLC AIP = A l(P r 10 ) 3
c . s o lv e n ts e th e r S e le c = L i ( se c  .b u ty l) - tEH
d. s o lv e n ts THF K S e l =  K( s e c .b u t y l  ) 3BH
e . s o lv e n ts i  soprop anol
f . s o lv e n t  s ether/TK F
£• in v e r s e  a.d& ition  o f  red u c in g  ar-en t t o  su b str a te *
* th e s e  r e d u c t io n s  a ls o produced u n id e n t i f ie d  compounds (~ 10?!)
p
T able 1 0 . Product d i s t r i b u t i o n '  from r e d u c t io n  o f  6 —t e r t .b u t y l  
c y c lo h e z - 2- e n - l - o n e  ( 9 5 ) .
R educing agen t
name
LAH
LBAHC
e o u iv .
4 .0
8.0  
4 .0  
3 .8
1 .5
1 .5
'Time
m in.
60
10
10
20
10
10
’emp,
°G
0
25
25
25
0
25
OHOH
112
9
3
2
2
95 142
9
3 ' 
3 
3 
6 
5
139 100
TO
69
71
76
77  
81
101
12
25
24
19
17
14
a . a n a ly s i s  by C-LC
b . n o n -sep a ra b le  by GLC
c .  s o lv e n ts  e th e r
T r b l e  9* P r o d u c t  d i n i r i t i u i i o r f  f r o m  r e d u c b i c n  o f  6 - if io 'D ro r> y l
C'-cloheX'
Pec.uciur r ~ r e : rb 3ir .e
nrne e o u iv . m in.
LAPC 1 0 .0 20
11 1 2 .0 20
n 0*vo 20
i "
f
3 .0 20
i
tf 1 .5 20
■ 1)3 AH c 1 .5 20
| it 1 .5 20
I
11 1 .5 20
11 l . l 20
1
11 1 .0 5 20
DPAHd , ‘
f-
1 .5 20
11 1 .5 20
11 1 .5 20
_d
TKL 2 0 .0 20
11 2 0 .0 20
ti
j
2 0 .0 20
' e : AIP 1 8 .0 3h
■
ti i» l 8h
it 11 21h
1 f  S e le c 0 .9 5 20
0 .9 5 20
" !
2 9 .O 20
.. !
j
.
2 5 .0 20
f 'K Z e l 1 .2 5 20
OH
111 94 141
-4 0 5 14 -
0 1 - 2
25 1 - 2
25 2 - -
25 S - -
-7 0 2 - 2
0 1 - -
25 2 - 2
25 2 - 1
25 2 - 4
0 8 - 9
40 4 - 16
60 6 - 4
-7 0 - 99+ -
0 44 20 6
25 41 - 3
97 - 96 —
n .18 46 -
it 3 38 1
-78 95 5 -
-7 8 93 ’5 -
0 - - 99+
25 - 99+
25 74 1 25
OH
' 13813 2§.b 22
25 56
30 67
31 66
34 63
40 55
49 47
57 42
58 38
68 29
74 20
49 33
53 25
57 23
25 5
43 13
4
21 15
4 6  12
?av-le 8 . Product d is ir iT r u tio n  from r e d u c t io n  o f  6 -m eth y l
cy c lo h rx -G -rr -l-o r .e 'k  (9 3 ) •
OH OHOH
R e dr. c 5ny a/~e r.t
128110 1^0 137min
L-/.H
2 .3 10
c  o
4 .0
1 2 . 0 10
22 22V-' •
a . a n a ly s is  "by GLC
b . c o n ta in e d  ap p ro x im a te ly  16£ o f  th e  2 -m eth y l isom er ( 127)
c .  s o lv e n t :  e th e r
d . n o n -se p a r a b le  by GLC
e .  s o lv e n t :  7HF
p r o v i d e s  f u r t h e r  s u p p o r t  f o r  t h e  c o n f i g u r a t i o n a l  a s s i g n m e n t •
d . C o n c lu s io n s
( i ) R eg io ch em istry  o f  r e d u c t io n  p r o c e s s e s .
The r e s u l t s  o b ta in ed  from th e v a r io u s  r e d u c t io n s  are
summarised in  T ab les  8 , 9> 10*
As can be r e a d i ly  se e n , co n ju g a te  1 ,4  r e d u c tio n  was a minor
p a th w a y ,e x c e p t^ fo r  th o se  r e d u c t io n s  em ploying th e  " s o f t ”
boroh yd rid e r e a g e n ts ,  IJaBH ,^ L i ( s e c .b u ty l)^ B H * ^  and
K (sec* b u ty l)^ B H ^ ^ , and th o se  in v o lv in g  v ery  la r g e  e x c e s s e s  o f
r e a g e n t , e . g .  Li(OIIe)^AlHr
Such a r e s u l t  i s  in  q u a l i t a t iv e  agreem ent w ith  th e  
145s u g g e s t io n  t h a t ,  in  th e  r e a c t io n s  o f  enone sy ste m s, th e  r a t io
o f  1 ,2  to  1 ,4  a d d it io n  i s  dependent upon th e  " so ftn e ss"  or
"hardness"'*'^ o f  th e  red u c in g  s p e c ie s .  S in ce  th e  /5-carbon  atom
1/17o f  an enone system  i s  " so fte r "  than  th e  carbonyl carbon , 
a d d it io n  o f  " so ft"  r e a g e n ts  w i l l  occur p r e f e r e n t ia l ly  a t  th e  
^ -ca rb o n .
In  t h i s  c o n te x t ,  i t  was honed t h a t ,  a lthough  K( sec .b u ty l)^ B H
had produced o n ly  1 ,4  r e d u c tio n  o f  th e  iso p r o p y l enone ( ° 4 ) j  th e
1/8
an a logou s L i r ea g e n t w ould, by th e  " sym b iotic  e f f e c t " ,  be
somewhat "harder" and m igh t, th e r e fo r e ,  perform  1 ,2  r e d u c t io n .
In  th e  e v e n t ,  such a hope was unfounded s in c e ,  even  vtith in v e r s e
a d d it io n  o f  a d e f ic ie n c y  o f  L i(se c .b u ty l)^ B H , o n ly  1 ,4  r e d u c t io n
o ccu rred , p rod u cin g  th e  sa tu r a te d  k eton e ( i l l ) .  Such a
r e g i o s e l e c t i v e  r e d u c t io n  o f  th e  con ju gated  double bond h a s  o b v iou s
149s y n th e t ic  u t i l i t y  and, in d eed , t h i s  was dem onstrated  s h o r t ly  
afterw a rd s by th e  p ro d u ctio n  o f  a y ie ld  o f  2—m ethyl 2 ,3  
d ihydrocarvone (1 4 6 ) from carvone (1 4 7 ) -by r e d u c t iv e  a lk y la t io n
4 2
0148
0
RO Ri R
149
150
1
OH
H
2
H 15S 
OH 15R
R = p-phenyl-CgH^CO
153
0
A
154'
0
155
0
156
using K(see.buby 1 )., hTT and methyl iodide*
-j
The observation o f  1 ,4  reduction with these trialkyl
borohydrido reagents is not universal, however - the
p rostagl andi n intermediate (148) possessing an acyclic cc,£-enone
l c 0system has been reduced J in 1,2 fashion by Li (sec.butyl )^3H 
yielding a 78:22 mixture of the 15S and 15R epimers (149, 150).
T h is  apparent c o n tr a d ic t io n  i s  a sc r ib e d  to  s t e r i c  s e n s i t i v i t y  o f  
th e  r e d u c t io n  p r o c e s s ,  a s su g g ested  by th e  f a c t  th a t  th e  
j j r- s u b s t itu te d  enones (l51>  152) gave e x c lu s iv e  1 ,2  r e d u c t io n ^ '  
a lth ou gh  th e  /3 -u n s u b s t itu te d  enones (1 4 7 , 153 , 154) rave 1 ,4  
re  duct i  on
The b eh av iou r  o f  th e  d if f e r e n t  alum inohydride r e a g e n ts  as  
regard s th e  r e g i o s e l e c t i v i t y  o f  th e  re d u c tio n  p r o c e s s  i s  not so  
r e a d i ly  r a t io n a l i s e d ,  a lth ou gh  th e  absence o f  1 ,4  r e d u c t io n  w ith  
LAH', i t s e l f ,  was ex p ec te d  s in c e  1 ,4  r e d u c tio n  o f  enones by LAH 
i s  norm ally  un im portant u n le s s  the double bond i s  co n ju g a ted  both  
to  th e  carb on y l and an oth er e lec tro n -w ith d r a w in g  group^'^
j n  l c,4
or i s  in  a s t r a in e d  r in g .  ’ ^
The substantial amount o f  1 ,4  reduction found with Li(oi*Ie)^ AlH
is apparently out of step with the predictions ma.de from the
l /R  1 /6
"hard-soft acid-base" principle and with experimental
o b se r v a t io n s  ma.de fo r  c y c lo p e n t - 2 - e n - l—cne ( 1 5 5 ) ^  ‘ and 5*6
. -» 1^4
d ih y d r o -e n d o -d ic y c lo p e n ta d ie n —1—one (1 5 6 ) ,  " where s a tu r a t io n  
o f  th e  double bond was l e s s  p r e v a le n t  u s in g  Li(C*Ie) A1H th an  w ith  
LAH i t s e l f .
The utility of DBAH as a regioselective 1,2 reducing agent
lh^
fo r  c y c lo u e n t—2—en—1—one (155) *  a s  a lrea d y  been dem onstrated  .
In  t h i s  s tu d y , r e d u c tio n  o f  th e  enones (9 4 ,  95) by DBAH in  
e th e r  p roceed ed  in  1 ,2  fa s h io n  but re d u c tio n  o f  enone ( 04 ) in
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clfable 11. Stereochemistry of reduction ‘by LAH*.
OHOH
cis C I S
no no no.
He 140 137
141
■100 139101
all reductions in ether, at 25°C, with analysis by GLC.
THF produced s u b s ta n t ia l  or.cur~s (* 1 5 f ) o f  1 ,4  r e d u c t io n . T h is  
•so lv en t dependence i s  p rob ab ly  due to  com plex form ation  betw een
1S6
DBAH and THF, " ond th u s  r e d u c tio n s  in  th e  two s o lv e n t s  cannot 
he d ir e c t ly  compared, s in c e  th e  n atu re o f  th e  red u c in g  s p e c ie s  
i s  d i f f e r e n t .
d . C o n c lu s io n s
( i i )  S te r e o c h e m is tr y  o f  r e d u c tio n  p r o c e s se s
The s te r e o c h e m is tr y  o f  th e  r e d u c tio n s  hy LAH i s  in  g e n e r a l
l c7agreem ent w ith  B arton ’ s r u le ,  ' 1 th e  amount o f  q u a s i- a x i a l  ( c i s ) 
a lc o h o l in c r e a s in g  a s  th e  s t e r i c  h indrance t o  a x ia l  approach o f  
h yd rid e  in c r e a s e s  i . e .  a s th e  s i z e  o f  th e  6 - a lk y l  group in c r e a s e s  
(T ab le 1 1 ) .
The s te r e o c h e m ic a l r e s u l t s  o b ta in ed  from th e  LAH r e d u c t io n s
o f  th e  m ethyl and is o p r o p y l enones (9 3 j9 4 ) c l o s e l y  resem b le  th o se
from th e  r e d u c t io n s  o f  th e  co rresp on d in g  sa tu r a te d  k e to n es
(1 1 0 , 111 ) (T ab le  l l ) ,  in  agreem ent w ith  a s tu d y  o f  th e  LAH ^
r e d u c t io n s  o f  th e  6 -p h en y l enone ( 1 5 7 ) 2nd i t s  sa tu r a te d
analogue ( l 8 f ) from which i t  was concluded  th a t  th e  double bond
158
e x h ib ite d  l i t t l e  e f f e c t  on th e  s te r e o c h e m is tr y .
R ed u ction  o f  th e  6 - t e r t .b u t y l  enone (9 5 ) » how ever, showed a 
marked in c r e a s e  in  s t e r e o s e l e c t i v i t y  r e l a t i v e  to  i t s  s a tu r a te d  
analogue ( 1 1 2 ) and t o  i t s  m ethyl and iso p r o p y l hom ologues ( 9 3 , ) •
The fo rm a tio n  o f  th e  c i s  a l l y l i c  a lc o h o l ( lOO) a s  major r e d u c t io n  
product (T ab le  l l )  d em o n stra tes, in  c o n tr a s t  t o  th e  im m ed ia te ly  
p reced in g  d is c u s s io n ,  th e  hazards o f  p r e d ic t in g  th e  s te r e o c h e m ic a l  
outcome o f  an enone r e d u c t io n  from r e s u l t s  f o r  th e  co rresp o n d in g  
sa tu r a te d  k e to n e . B or, a t t r a c t iv e  as t h i s  may b e , th e  d i f f e r e n t  
g e o m e tr ie s1 ^ " » l6 0 , l6 l  Sy S^ems r e q u ir e  th a t  such a
OH
160
OH
143
OH
161
162
Ph
145
Ph
F ig u r e  6 . C onform ation  o f  th e  a lk y l  group in  th e  6 - a lk y l  
c y c lo h e y -2 - e n - l - c n e s  ( 9 3 , 9 4 , 9 5 )*
along*
4
R R" Rm
a . H TI TI
h . Ve Tre TT
c . : e I':e I'e
( 7Y''") c r .a s i- e o u a to r ia l  approach
R‘7
0
o u a s i—a i' ia l  aonroach
(93)
p r e d ic t io n  “be made w ith  c a u t io n , as ev id en ced  by t h i s  s tu d y , ond 
even  more s t r i k i n g l y ,  by s e v e r a l r e s u l t s  from th e  s t e r o id .  
f i e l d . 161' 16?
S im ila r ly ,  r a t io n a l i s a t io n  o f  th e  s te r e o c h e m is tr y  ob served  
in  1 ,2 -h y d r id e  a d d it io n  to  an enone system  may he d i f f i c u l t ,
r e q u ir in g , a t  th e  v ery  l e a s t ,  knowledge o f  th e  con fo rm a tio n s
„ ,, « , . 1 2 0 -1 2 A
o f  th e  s u b s tr a te  and product and o f  th e  d ir e c t io n  o f
approach o f  th e  anion* In d eed , th e  commonly em oloyed a ssu m p tio n ^ ^
th a t  an an ion  approaches a carbonyl group a lo n g  an a x is  p a s s in g
through th e  t r ig o n a l  carbon and p erp en d icu la r  to  th e  p la n e  o f
th e  s u b s t i t u e n t s  o f  th e  carb on yl h as r e c e n t ly  been  d isp u te d  by  
. j .  ‘1 6 7 ,1 6 8 ,1 6 9t h e o r e t i c a l  s t u d ie s .  7 7
The r e s u l t  o b ta in ed  from LAH r e d u c tio n  o f  th e  iso p r o p y l
enone (9 A )  (T ab le l l )  i s ,  in  f a c t ,  in  c lo s e  agreem ent w ith  th e
36:64  r a t io  o f  c i s  : t r a n s  a l l y l i c  a lc o h o ls  ( l5 9 »  l6 o ) frcm
170LAH r e d u c t io n  o f  p ip e r ito n e  ( l 6 l ) * S im ila r ly ,  th e  r e s u l t  from
r e d u c t io n  o f  th e  t o r t .b u t y l  enone (9 3 ) i s  not u n p reced en ted  s in c e
c i s  a lc o h o ls  (1 4 3 , 162) were th e  major p rod u cts from LAH r e d u c t io n
o f  th e  6 -p h en y l enones (143» 137)> a r e s u l t  r a t io n a l i s e d  by s t e r i c  
171f a c t o r s .
The o b served  sharp in c r e a se  in  s t e r e o s e l e c t i v i t y  on g o in g  
from th e  is o p r o n y l to  t e r t .b u t y l  enone (T able 11 ) i l l u s t r a t e s  th e  
s p e c ia l  e f f e c t  o f  a t e r t .b u t y l  s u b s t itu e n t  as a s t e r i c  " b lo ck in g  
group".5 Both m ethyl and iso p r o p y l groups in  th e  enones (Q3, °A) 
can adout a lo w e s t  en ergy  conform ation  in  which t h e ir  h in d ran ce  
to  o u a s i—a.Tia.1 aporoach o f  hydride approxim ates to  a 1 ,3 —d ia x ia l  
H in t e r a c t io n  (F ir u r e  6 a ,b )  w h ile  th e  minimum h in d ran ce o f f e r e d  
by a t e r t .b u t y l  group approxim ates to  a 1 ,3 —d ia x ia l  H—m ethyl 
in t e r a c t io n  (F ir u r e  6 c ) , th u s le a d in g  to  a d ecre a se  in  q u a s i—a x ia l
45
Table 12. Variation in the stereochemistry of allylic alcohol
sproducts vrith chanye of reducing ayent.
OH
Re dueiny ryent cis
LAH
ITaBH
LAH •
LAH
a. analysis by GLC b* ether; 25°C
c. ' T’lL = LiAl(OI‘.e)^ H; solvent, THP; 25°C
a t ta c k .
The in c r e a se  in  th e  c i s  : tr a n s  a lc o h o l r a t io  as th e  s t e r i c
hulk  o f  th e  red u cin g  s p e c ie s  was in c r e a se d  (T able 1 2 , e n t r ie s  1 -4 )
i s  in  q u a l i t a t iv e  agreem ent w ith  r e s u l t s  o b ta in ed  in  cycloh exan on e  
172 173
sy etem s. ’ S im ila r ly ,  th e in c r e a se  in  amount 01 c i s  a lc o h o l
formed w ith  HBAH r e l a t i v e  to  LAH was not u n exp ected  s in c e  th e
an alogou s ^lH^ ^af3 been shown to  produce a g r e a te r  amount o f
q u a s i- a x i a l  a lc o h o l than  LAH in  enone r e d u c t i o n s . >^ -74
One s u r p r is in g  f e a tu r e  to  emerge from t h i s  stud y  was t h a t ,
fo r  th e  i s o p rop y l s e r i e s  a t l e a s t ,  th e  c i s  a lc o h o l (£ § ) armeared
t ’o he therm odynam ica lly  favou red  over i t s  tr a n s  epim er (9 9 ) 9 as
ev id en ced  by th e  in c r e a se  in  th e  r a t io  o f  c i s  : tr a n s  a lc o h o ls
.(9§: 99) a s  r e a c t io n  tem perature was in c r e a se d  or amount o f  h yd rid e
was d e c r e a se d , p a r t ic u la r ly  fo r  r e d u c tio n  by LBAH in  e th e r  and,
l e s s  m arked ly , f o r  LAH (T able 9)*  T h is  u n exp ected  r e s u l t  was
175confirm ed  by M eerw ein-P onndorf-V erley  r e d u c t io n , ' which  
dem onstrated  th a t  th e  r a t io  o f  c i s  : tr a n s  a lc o h o ls  ( 9 8 :9 9 )  
in c r e a se d  w ith  t im e .
T h is  f in d in g  i s ,  in  f a c t ,  in  agreement w ith  Nmr. 
s t u d ie s 17^*177 o f  con fo rm a tio n a l p re fe r e n c e  in  c y c lo h e x - 2 - c n - l - o l  
(1 6 3 ) ,  2 -m eth v l c y c lo h e x - 2 - e n - l - o l  ( l6 4 )  and t h e ir  a c e t a t e s  
( 165 ,  1 6 6 ) ,  which p rop osed  th a t th e  q u a s i- a x ia l  o r ie n ta t io n  
o f  th e  h y d roxy- or a c e to x y -  groups was p r e fe r r e d  by 0 .9 7 -1 * 6 0  
Kcal.mole*"1 . A v a ila b le  r e s u l t s  from eq u ilib r iu m  s tu d ie s  o f
5 - c u b s t i tu t e d  c y c lo h e x - 2 - e n - l - o l s  appear to  c o n tr a d ic t  one 
an o th er , however -  f o r  th e  c i s  and tr a n s  5 - t e r t .b u ty l  c y c lo h e x -  
2 - e n - l - o l s  ( l 6 7 ,  1 6 8 ) ,  a o u a s i-e q u a to r ia l  p r e fe r e n c e  o f  
0• 4K ca l. r .o le ”1 i s  s u g g e s te d ,178 w h ile  study o f  th e  L eerw ein -  
Pondorf r e d u c t io n s  o f  th e  5-m ethyl and -5-phenyl enones (l_69, 1 7 0 )
46
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and subs o'-" out e q u i l ib r a t io n  o f  th e  r e s u l t in g  a lc o h o ls
1 70
W(1 7 1 , 17? - 173 , 174) dem onstrated  th a t  th e  q u a s i - a x ia l  
o r ie n ta t io n  o f  th e  h yd roxy l group was favoured  by a f a c t o r  o f  
2 ( = 0 .4 K c a l.m o le ” 1 l t 0 ) .
/
5* E s t e r i f  ic s .t io n  s p r e p a r a tio n  o f  6 -a lk y l  c y c l o h e x - 2 - e n - l - y l  
e s t e r s .
a .  2 ,6 -d ic h lo r o b e n z o a te  e s t e r s
U n e x p e c ted ly , t h i s  f i n a l  s ta g e  o f  th e  p roposed  s y n th e t ic  . 
r o u te  (Scheme l )  to  th e  2 ,6 —d ic h lo r o b e n z o a te s  (3 9 ,  4 0 , 4 1 , b l ,
8 2 , 8 3 ) proved  to  be th e  most tro u b leso m e.- In d e ed , o n ly  one o f  
th e s e  d e s ir e d  e s t e r s ,  th e  tr a n s  6 - is o p r o p y l e s t e r  (4 0 ) vias e v er  
" s u c c e s s fu lly "  p rep ared , and th a t  was in  o n ly  155! y i e l d ,  a r e s u l t  
in  marked c o n tr a s t  t o  S tork  and V /hite’ s rep o r t ^ o f  th e  70—bOy.: 
y ie ld s  o f  tr a n s  e s t e r s  (3 9 , 4 0 , 41 ) a ch iev ed  by trea tm en t o f  
th e  co rresp o n d in g  a lc o h o ls  (9 6 , 9 9 , 1 0 1 ) viith  2 ,6  d ic h io r o b e n z o y l 
c h lo r id e  (1471) in  p y r id in e .
Hot s u r p r is in g ly ,  i n i t i a l  e s t e r i f i c a t i o n  a ttem p ts  em ployed  
t h i s  method1* w ith  e i t h e r  s te r e o c h e m ic a lly  pure a lc o h o l or 
m ix tu res  o f  th e  a-lcohol epim ers ( 96—101) as s u b s t r a t e s .  I n  no 
ca se  was a y i e l d  g r e a te r  than  V t f  a ch ieved  n o r , d e s p ite  e x t e n s iv e  
e f f o r t s ,  was any s e p a r a t io n  o f  e s t e r  epim ers r e a l i s e d .
A lt e r a t io n  o f  th e  r e a c t io n  c o n d it io n s  f a i l e d  to  a f f e c t  t h i s  
s i t u a t io n  and s t u d ie s  w ere, a c c o r d in g ly , undertaken  to  in v e s t ig a t e  
th e  improvement o f  t h i s  m ethod, u s in g  a model compound, 3 , 5 ,  ? 
tr im e th y l c y c lo h e x - 2 - e n - l - o l  ( lT g ) ,o b ta in e d  from r e d u c t io n  o f  th e  
co rresp o n d in g  enone ( 1 7 3 ) • y i e l& o b ta in e d  from t h i s
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' a lc o h o l under th e  c o n d it io n s  employed by S tork  and W hite1  ^
was 8£? out changes in  th e  r e a c t io n  t im e , tem perature and work—up 
procedure su cceed ed  in  in c r e a s in g  t h i s  t o  53^. However, a p p l ic a t io n  
o f  th e s e  c o n d it io n s  to  th e  e s t e r i i ' i c a t io n  o i  th e  6—a lk y l s u b s tr a te s  
(9 6 -1 0 1 ) f a i l e d  to  improve upon th e  ahysmal r e s u l t s  p r e v io u s ly  
ob ta in ed  and t h i s  e s t e r i i ’i c a t io n  method was c o n se o u e n tly  abandoned# 
U sin g  th e  model compound ( 172) ,  a search  was made fo r  o th er  
e s t e r i f i c a t i o n  m ethods.
( i )  Under a v a r ie t y  o f  c o n d it io n s ,  p re -fo rm a tio n  o f  th e  l i th iu m  
a lc o h o la te  ( 174) by trea tm en t o f  th e  a lc o h o l (172 ) w ith  n -b u ty l  
l i th iu m  b e fo r e  r e a c t io n  w ith  2 ,6 -d ic h lo r o b e n s o y l c h lo r id e  ( 1 7 1 ) 
produced m ix tu res  c o n ta in in g  th e  d e s ir e d  e s t e r  (175 ) hut a l s o ,  
as major p ro d u ct, th e  a l l y l i c  c h lo r id e  ( 176)
( i i )  E q u a lly  u n s u c c e s s fu l were a ttem p ts  to  encourage e s t e r i f i c a t i o n
13 2
by p re fo rm a tio n  o f  th e  analogous sodium a lc o h o la te s  ( i l l ? 17^) 
o f  th e  mod.el compound ( 1 7 2 ) and c i s  6 - is o n r o p y l a lc o h o l (? B ) , 
r e s p e c t i v e ly .
( i i i )  A c id -c a ta ly s e d  e s t e r i f i c a t i o n  v ia  th e  medium o f  an io n -
183exchange r e s in  (lER) was e x t e n s iv e ly  in v e s t ig a t e d  s in c e  i t  
appeared th a t  a p rob ab le  reason  fo r  th e low  y i e l d s  o b ta in ed  by 
o th er  m ethods was’ th a t  th e  a l l y l i c  a lc o h o ls  an d /or e s t e r s  were 
u n dergo in g  b a se —c a ta ly s e d  e lim in a t io n  to  form th e  d ie n e s  ( l7 9 ~*lB 2 ) , 
which mav o o lv m e r ise  under th e  r e a c t io n  c o n d it io n s .  Such an 
e x p la n a t io n  would accou n t fo r  th e  la r g e  q u a n t i t ie s  o f  in t r a c t a b le  
ta r s  form ed in  th e  e s t e r i f i c a t i o n  r e a c t io n s ,  p a r t ic u la r ly  th o se
* A s im ila r  method h a s , in  f a c t ,  been u sed  as a g e n e r a l s y n th e s is
181o f  a l l y l i c  c h lo r id e s .
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a t e le v a te d  tem peratures#
t T h is  stu d y  e s t a b l is h e d  optimum r e a c t io n  c o n d it io n s ,  under  
which 36?. y i e l d  o f  pure e s t e r  (175.) was o b ta in e d , and dem onstrated  
th a t  th e  e s t e r i f i c a t i o n  r e a c t io n  appeared to  be in  c o m p e tit io n  
w ith  d ecom p osition  o f  th e  a lc o h o l ( 172) and e s t e r  h y d r o ly s is #
However, under th e s e  out inrun c o n d it io n s ,  th e  c i s  6—i s o ProPTrl  
a lc o h o l was n o t e s t e r i f i e d ,  but e le v a t io n  o f  th e  r e a c t io n  
tem perature produced 37—44? y ie ld s  o f  m ix tu r e s , com p risin g  th e  
d e s ir e d  e s t e r  (8 2 ) and an u n id e n t i f ia b le  im p u r ity  ( r a t io  2 :1 )#  
However, no p h y s ic a l  s e p a r a tio n  o f  t h i s  im p u rity  co u ld  be 
a c h ie v e d , w h ile  a ttem p ts  to  a v o id  i t s  form a tio n  by em ploying  
d i f f e r e n t  lERs or s o lv e n t s  were a ls o  u n su c c e ss fu l#
By th a t  t im e , in  f a c t ,  i t  had become apparent th a t  th e  model 
a lc o h o l ( 1 7 2 ) was n o t s u f f i c i e n t l y  s im ila r  i n  i t s  r e a c t i v i t y  to  
th e  6 - a lk y l  s u b s tr a te s  (9 6 -1 0 1 ) to  j u s t i f y  i t s  fu r th e r  use#
L ater  s tu d ie s  w ere, t h e r e f o r e ,  r e s t r i c t e d  t o  th e  6 - a lk y l  
s u b s t r a t e s ,  in  p a r t ic u la r  th e  c i s  6 - is o p r o p y l a lc o h o l ( 9 8 )*
( i v )  A ttem pts to  prepare th e  e s t e r  (8 2 ) by r e a c t io n  o f  th e  a lc o h o l  
(9 8 ) w ith  th e  mixed anhydride ( 1$3 ) formed from 2 ,6 -d ic h lo r o b e n z o ic  
a c id  ( 18A) and t r i f l u o r o a c e t i c  anhydride ( 1 8 5 ) ^ ^  were u n s u c c e s s f u l ,  
th e  major product in  each ca se  b e in g  th e  a l l y l i c  t r i f lu o r o a c e t a t e  
( 1 8 6 ) .
(v )  S im ila r ly ,  prom otion  o f  e s t e r i f i c a t i o n  by d ic y c lo h e x y l-  
ca rb od iim id e  ( 1 8 7 ) * ^  f a i l e d ,  o n ly  t r a c e s  o f  e s t e r  (8 2 ) b e in g  
formed even  a f t e r  ex ten d ed  r e a c t io n  tim es#
b# O ther e s t e r s
I t  appeared th a t  th e  prim ary ca u se  fo r  th e  f a i l u r e s  n o ted  
above vjas s t e r i c  r e p u ls io n  betw een th e  6 - a lk y l  group o f  th e
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- cycloh o izen o l and th e  c h lo r in e  s u b s t itu e n ts  on th e  arom atic  r in g  
o f  th e  " b en zoy lch lorid e , s in c e  th e  absence o f  e i t h e r  o f  th e se  
f a c t o r s  had "been shown to  perm it e s t e r i f i c a t i o n ,  e . g .  th e  r e l a t i v e  
ea se  o f  form a tio n  o f  th e  2 ,6 -d ic h lo r o b e n z o a te  (1 7 5 ) from th e  
6 -u n s u b s t itu te d  a lcoh o l' (172) and o f  th e  3 ,5 ~ d in itr o b e n z o a te s  
(8 4 , 8 5 ) from th e  6- is o p r o p y l  a lc o h o ls  "(98, 99 \
Thus th e  p r e p a r a tio n  o f  c i s  6- i s o p rop y l c y c lo h e x - 2 - e n - l - y l
2 ,4 -d ic h lo r o b e n z o a te  (8 6 ) was in v e s t ig a t e d  in  th e  hope th a t  s t e r i c  
s t r a in  would "be s u f f i c i e n t l y  low ered  in  t h i s  e s t e r  to  a llo w  i t s  
fo r m a tio n .
On trea tm en t o f  th e  a lc o h o l ( 98 ) w ith  2 ,4 -d ic h lo r o b e n z o y l  
c h lo r id e  ( 1 8 8 ) in  p y r id in e ,  under v a r io u s  c o n d it io n s ,  a 3 j1  m ixture  
o f  e s t e r  (8 6 )  and u n id e n t i f ia b le  im p u rity  was o b ta in e d . The 
im p u r ity , shown to  c o n ta in  th e  2 ,4 -d ic h lo r o b e n z o y l m oiety  and 
a p p rox im ately  6 a l ip h a t ic  p ro to n s ( iR , N m r.), was in s e p a r a b le  from  
th e  e s t e r  (8 6 ) by e x te n s iv e  chrom atography or c r y s t a l l i s a t i o n  or 
by p r e f e r e n t ia l  h y d r o ly s is  under m ild ly  a lk a lin e  c o n d it io n s .
S im ila r  r e s i l t s  were o b ta in ed  when th e  sodium a lc o h o la te  
( 178) ^ ^  was r e a c te d  w ith  2 ,4 -d ic h lo r o b e n z o y l c h lo r id e  ( l 9 8 ) , 
w h ile  trea tm en t o f  th e  a lc o h o l (9 § ) w ith  th e  mixed anhydride  
( 189)^®^ o f  2 ,4 -d ic h lo r o b e n z o ic  a c id  ( l9 p )  ?rl-d- t r i f l u o r o a c e t i c  
anhydride ( 1 8 5 ) produced o n ly  th e  t r i f lu o r o a c e t a t e  ( 1 8 6 ) .
C o n seq u en tly , i t  was d ecid ed  to  waive th e  c o n d i t io n ^  th a t  
a s u i t a b le  group f o r  d isp lacem ent' by p ip e r id in e  v;ould, o f  
n e c e s s i t y ,  n o s s e s s  s u b s t i tu e n t s  on th e  arom atic r in g  ca p a b le  o f  
s t e r i c a l l y  " b lo c k in g ” n u c le o p h il ic  a tta c k  by p ip e r id in e  a t  th e  
carb on y l carb on .
Once t h i s  had been  a c c e p te d , th e  problem s o f  e s t e r i f i c a t i o n  
v a n ish ed  — th e  p r e p a r a tio n  o f  th e  c i s  p —n itr o b e n z o a te  e s t e r  ( 8 7 )
5 0
was r e a d i ly  accom p lished  w h ile  th e  c i s  end tr e n s
3 ,5 -3 .in itr o b e n z o a te s  (§ 4 , 85 ) had a lr ea d y  "been s u c c e s s f u l ly  
prepared*
T r ia l  exp erim en ts dem onstrated  th a t  th e se  compounds would 
r e a c t  w ith  p ip e r id in e  hy d isp lacem en t o f  th e  e s t e r  group in  
a d d it io n  to  s tr a ig h tfo r v /a r d  a tta c k  a t th e  c a r b o n y l, and th e  s ta g e  
w as, t h e r e f o r e ,  f i n a l l y  s e t  fo r  a stu d y  o f  th e  s te r e o c h e m is tr y  o f  
th e  r e a c t io n  t o  "be commenced, a lh e i t  v iith  s u b s tr a te s  ( ^ ,  8 4 ,
8 5 , 87 ) d i f f e r e n t  from th o se  o r i g in a l ly  en v isa g ed  (3 9 , 4 0 , 4 1 , 8 l ,
§ 2 , 82 ) .
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' -B* S y n t h e s i s  o f  a u t h e n t i c  IT— ( a l k y l  c y c l o h e n y l )  r>iT)eridine n •
B efo re  -the s te r e o c h e m is tr y  o f  th e  S^2f r e a c t io n  c o u ld  be
d eterm in ed , i t  was n e c e ssa r y  to  d e v is e  an a n a ly t ic a l  method
which would unam biguously a s s ig n  th e  c o n f ig u r a t io n  o f  th e  r e a c t io n
p r o d u c ts . T h is  was a ch ie v ed  by GLC com parison o f  th e  amine 
*
p ro d u cts  , a f t e r  h y d ro g en a tio n , w ith  th e  co rr esp o n d in g , a u th e n tic  
sa tu r a te d  am in es.
I n  p r a c t ic e ,  th e  s y n th e s is  o f  th e  a u th e n tic  am ines (1 9 1 -1 9 ? )  
was com p leted  b e fo r e  i t  was r e a l i s e d  th a t  e s t e r s  o f  o n ly
6 - is o p r o p y l c y c lo h e r - 2 - e n - l - o l  (9 § , would be a v a i la b le  as  
s u b s tr a te s  fo r  th e  Sj.21 r e a c t io n .  As a consequence o f  t h i s  o n ly  
th e  is o p r o p y l am ines ( l 9 5 » 196 ) were u sed  fo r  th e  purpose f o r  which  
th e y  were in te n d e d .
I t  was p lanned  to  prepare sa tu r a te d  a n a logu es o f  th e  p ro d u cts  
which would be formed by e i t h e r  S^2 or ^ 2 *  d isp la cem e n ts  o f  th e  
e s t e r s  by p ip e r id in e ,  but t h i s  proved p o s s ib le  f o r  o n ly  th e  m ethyl 
s e r i e s  (1 9 1 -1 9 4 )o For th e  iso p r o p y l and t e r t .b u t y l  s e r i e s  o n ly  
th e  am ines co rresp o n d in g  to  h y d rogen ation  o f  th e  p o s s ib le  S^2* 
p ro d u cts  c o u ld  be o b ta in ed  (1 9 5 , 196 : 197? 19?) •
P r e p a r a tio n  o f  each o f  th e  ep im ers in  a s te r e o c h e m ic a lly  pure 
s t a t e  was u n n e cessa r y  s in c e  i f  e i t h e r  epim er c o u ld  be i d e n t i f i e d  
th en  th e  o th e r  was n e c e s s a r i ly  a s s ig n e d , a lso *  C o n seq u en tly , o n ly  
th e  tr a n s  ep im ers ( 1 9 2 , 19^-, 1 9 6 » 1 9 ? ) were prepared  s te r e o c h e m ic a l" y  
p u re , th e  c i s  ep im ers (l91>  193» 1 9 5 ? 197) b e in g  i d e n t i f i e d  from
* S to rk  and W h ite ^ a ss ig n e d  th e  s te r e o c h e m is tr y  o f  th e  p ro d u cts  
by ra.p. and mined m .p0 com parison o f  d e r iv a t iv e s  o f  th e  amine 
p r o d u c ts , a f t e r  h y d ro g en a tio n , w ith  a u th e n tic  m a te r ia ls .
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T ^ b l e  1 3 .  P r o d u c t  d i s t r i b u t i o n 0' f r o m  h y d r o r e n a t i o n  o f  n h e n o l s .
OH
R H /P t o
P re ssu re
102 Pr
40 atm199
102 Bu
a .  a n a ly s is  by CLC
221 R=Pr1
222 R=Bu"k
Scheme 5* S y n t h e t i c  r o u t e  t o  a u t h e n t i c  H - ( e l k y l  c y c l o h e x y l )
p in e r id in e s .
CH CH OTsOH
c i s  trr .r s c i r  tr a n s
140 137110
200 202 204 200 202 211 212 193 194
141 138 141 138102 213 214Pr 111
201 203199 201 203
217 218103 142 139142 139 112
207 208206
OTs -  to lu e n e -p -s u lp h o n a te  
p ip  = o ip e r id y l  
a . H g /P tO g /a c e tic  ac id /25°C
"b. J on es o x id c t io n  .
*
c .  LAH or S e le c t r id e
d . to lu e n e -p -s u lp h o n y l c h lo r id e /p y r id in e
e .  p ip e r id in e
* * r e d u c t io n s  "by LAH produced m ix tu res  o f  th e  c i s / tr a n s  ep im ers
w h ile  S e le c t r id e  r e d u c t io n  £-ave th e  c i s  epimer*
epim er m ixtu res*
The s y n th e t ic  rou.te to  th e r e  compounds ip. shown in  Scheme 5*
H ydrogen?tion  o f  th e  p h en o ls  ( l 0 2 , 1 9 9 , 103) oroduccd  m ix tu res
o f  a lc o h o ls  ( i d ] ,  138 i 201 , 203 : 1 4 2 , 139) and k e to n e s
( i l l  • 203 s 112) (T ah le 1 3 ) ,  contam inated  w ith  v a r y in g  amounts o f
th e  a lk y l  c y c lo h e x a n e s  (2 2 1 , 222) formed by h y d r o g e n o ly s is  o f  th e
C-0 bond* From th e  2 -a lk y l  p h en o ls  ( l0 2 ,  103) th e  na^or a lc o h o l ic
p ro d u cts  were th e  c i s  ep im ers (1 4 1 , 1 4 2 ) ,  as e x p e c te d , w h i le ,
from 4 - is o p r o p y l  p h en ol ( 1 9 9 )< th e  c i s  and tr a n s  a lc o h o ls  (201*
203) w r e  form ed in  ap p rox im ately  eq u al amounts* The con com itan t
h y d r o g e n o ly s is  r e a c t io n  was an in e v i t a b le  and ex p e c te d  consequence
o f  th e  c h o ic e  o f  PtO^ a s  c a t a ly s t  I t  co u ld  have been  m in im ised
t  88by u se  o f  Ruthenium a t h ig h  tem perature and p r e s s u r e '  but s u i t a b le
apparatus was n ot avr.ila .b le*
The cy c lo h ex a n o n es (1 1 0 -1 1 2 , 204-206) were e i t h e r  r e a d i ly
a v a i la b le  or  were o b ta in ed  by Jones o x id a t io n  o f  th e  co rresp o n d in g
a lc o h o l /k e to n e  m ix tu res ,a n d  were su b seq u en tly  d iv id e d  in to  two
f r a c t i o n s ,o f  which one was reduced  by LAH to  produce a m ixtu re o f
c i s  and tr a n s  a lk y l c y c lo h e x a n o ls  (T able 1 4 ) w h ile  th e  o th e r  was
s t e r e o s e l e c t i v e i y  reduced  by L i ( sec  * b u ty l) 333!^ J  t o  produce th e
c i s  enim er (T a b le .14)*
The s te r e o c h e m ic a l assignm ent o f  th e s e  a lc o h o l s ,  upon which
th e  rem ainder o f  th e  s y n th e s is  depended was r ig o r o u s ly  and
unam biguously d e f in e d  by th e  fo llo w in g  c o n s id e r a t io n s :
1/  3(a )  L i ( s e c  .b u ty l)^ 3 I f  i s  known ' to  reduce 2 -  and 4 - a lk y l  
cy c lo h ex a n o n es  w ith  v ery  h igh  s t e r e o s e l e c t i v i t y  to  th e  a x ia l  ( c i s ) 
a lc o h o ls*  C o n v e r se ly , th e  major p rod u cts from th e  co rr esp o n d in g  
LAH r e d u c t io n s  are expected^"^ to  be th e  e q u a to r ia l  ( t r a n s ) a lc o h o ls*
(b ) IR: The o b se r v a t io n  o f  th e  v C - 4 ,  S 0-H band a t  9 5 5 -9 8 0 c n f1
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F ir u r e  7* I ! - (4 —t e r t . b u i y l  C '-c loh er^ l) p ip p l- if i in e s .
c i s  ( 197)
Bu*
t r r n s  (1  S?S )
i c’q
fo r  c i s  and 1050- 1060cm fo r  tra n s  has p r e v io u s ly  "been record ed  
.(T a b le  1 4 ) .
( c )  Nmr: The ch em ica l s h i f t s  o f  th e  c i s  c a r b in o l p ro to n s  were
c o n s i s t e n t ly  to  lovrer f i e l d  than fo r  th e  tr a n s  epim ers and th e  
h a lf-b a n d  vddths o f  th e  form er were c o n s i s t e n t ly  much sm a lle r
( 1:1 = 8H z .) than  f o r  th e  tr a n s  epim ers (w* = 2l - 22H z .) ,  in  agreem ent
► - *2
vdth o th er  s t u d i e s ( T a b l e  14)
(d ) GLC: The r e t e n t io n  in d ic e s  o f  th e  c i s  a lc o h o ls  were
c o n s i s t e n t ly  sm a lle r  th an  fo r  th e  tr a n s  epim ers on a p o la r  column 
(Carbowax 20m ), as p r e v io u s ly  r e p o r t e d . ( T a b l e  14 )
T o s y la t io n  and subsequent d isp lacem en t o f  th e  t o lu e n e - p -  
su lp h on ate  group by p ip e r id in e  was s u c c e s s f u l ly  accom p lish ed  -except 
in  th e  s t e r i c a l l y  h in d ered  2- is o p r o p y l a.nd 2- t e r t . b u t y l  s e r i e s ,  
where e l im in a t io n  to  th e  corresp on d in g  o l e f i n s  ( 223 , 224) occu rred  
e i t h e r  upon t o s y la t e  form ation  or subsequent a ttem p ted  d is p la c e m e n t• 
C orro b o ra tio n  o f  th e  c o n f ig u r a t io n  o f  th e  amine p ro d u cts  was 
o b ta in ed  from t h e ir  Nmr s p e c tr a , in  p a r t ic u la r  th o se  o f  c i s  and 
tr a n s  N -(4 - t e r t . b u t y l  c y c lo h e x y l)  p ip e r id in e  ( l9 7 ?  1?3) (p rep ared  
from th e  tr a n s  and c i s  t o s y la t e s  (2 2 0 , 2 1 ^ ), r e s p e c t i v e l y ) .  These  
showed t h a t ,  in  a d d it io n  to  th e  f i v e  p ro ton s oc to  IT, th e  c i s  epim er  
( 197) had a fu r th e r  two lo w - f i e ld  p ro to n s  compared vdth
tr a n s  ( 1 9 8 ) ,  th e s e  b e in g  a sc r ib e d  t o  th e  a x ia l  p ro to n s  on C-3 and 
C-5 o f  th e  cyclohexe,ne r in g  (F igu re  7 ) .
A ttem pts to  o b ta in  fu r th e r  c o n f ig u r a t io n a l c o n fir m a tio n  by  
stud y  o f  la n t h a n id e - s h i f t e d  sp e c tr a  o f  th e  am ines ( l 9 7 ,  1£3) were 
hampered by th e  f a i l u r e  o f  th e se  amines to  e f f e c t i v e l y  com plex vdth  
la n th a n id e  io n .  The most s u c c e s s fu l  s h i f t  rea g e n t u s e d , F u .( fo d ) ^ ,  
m erely  se rv ed  t o  shcvr th a t  th e tr a n s  epim er ( lQ 8 ) co u ld  com plex  
more e a s i l y  (maximum s h i f t  = 2 . 2ppm) than  th e  c i s  epim er (1 9 7 )
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7rble 1?. GLO rotention indices of rutlientic tertiary ar.ines.#
lO f  C erbonc.v  201'5f Cnrbov:?.:: 20r
4- 1^ I'OH
T. 110 C
1310
192
1350
1600 1365
191
1680 16051390
160 c T. 130 CT. 110 C
1610 18002010
pip'
196
130 C
1720
197
1670 1870030
198
p ip  = p ip e r id y l
(maximum sh? f t  < O.^ppm) in  accordance vrith th e  g r e a te r  s t e r i c  
h in d ran ce to  com plex form ation  in  th e  l a t t e r  (F ig u re  7 )*
GLC a n a ly s is  o f  th e  am ines on a v a r ie ty  o f  c o n v e n tio n a l colum ns 
was i n e f f e c t i v e  s in c e  th e  peaks ob served  were v e r y  h ad ly  " t a i le d " ,  
a fe a tu r e  common in  th e  GLC a n a ly s is  o f  am ines#^ -92j193 ,194 ,195  
T h is  major a n a ly t ic a l  d i f f i c u l t y  was overcome by th e  p r e p a r a tio n  
and u se  o f  p o la r  colum ns ( 5-IO5* Ce,rbowax 20m) in c o r p o r a tin g  non­
v o l a t i l e . b a se s  (KOH, p o ly e th y le n e im in e ) , a tech n iq u e  w hich proved
1Q7 iqq
in v a lu a b le .  y  * Three sep a ra te  colum ns o f  t h i s  ty p e  were 
p rep ared  and each s e r i e s  o f  am ines was s tu d ie d  on each column  
(T ab le  1 5 ) .
The r e s u l t s  o b ta in ed  dem onstrated  c le a r ly  th e  d i f f e r e n t  
c h a r a c t e r i s t i c s  o f  th e  three- colum ns, a fa c to r  which was t o  be o f  
s ig n i f ic a n c e  in  th e com parison w ith  a u th e n tic  m a te r ia ls  o f  th e  
a-mines o b ta in ed  from h y d rogen ation  o f  th e amine p ro d u cts  from th e  
S..2* r e a c t io n .
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Part C . Study of the stereochemistry of the S,T2* reaction.
'  I *
1 • Summary
It' i s  dem onstrated  in  th e  seq u e l th a t  th e  6— is o p r o p y l c y c lo h e x — 
*
2 - e n - l - y l  e s t e r s  o f  g en era l form ulae (2 2 5 , 226) r e a c t  w ith  
p ip e r id in e  hy a v a r ie t y  o f  pathways (F igu re  8) •
a .  "Normal” s u b s t i t u t io n  ( k ^ .^ )  producing IT -(6 -iso p ro p y l cy c lo h ex -
*
2 - e n - l - y l )  p ip e r id in e s  ( 227 , 228) .
b . "Abnormal” s u b s t i t u t io n  ( ^ i , i2^ Pr o ^u ci n£ N -(4 - is o p r o p y l  
c y c lo h e x - 2 - e n - l - y l )  p ip e r id in e s  ( 2 2 9 , 4 3 )•
c .  A m in o ly s is  (k , . , )  p roducing  6 - iso n r o p y l c y c l o h e x - 2 - e n - l - o l s
5 6
(9 9 , 9 ? ) .
d . E p im e r isa t io n  (K ) fo llo w e d  by r e a c t io n s  a ,  b or c ab ove .
e .  A l l y l i c  rearrangem ent (X^ , . )  prod u cin g  4 - is o p r o u y l c y c lo h e x -2 -
^ ,3
e n - l - y l  e s t e r s  o f  g en era l form ulae (2 3 0 . 2 3 l ) « T h ese , in  tu r n ,  
r e a c t  by
( i ) "normal" s u b s t i t u t io n  1^CL3,14^ producing 4 -am in es ( 2 2 9 , 4 3 ) .
( i i )  a m in o ly s is  (k^ g) producing 4 - ig o p r o p y l c y c lo h e x - 2 - e n - l -  
o l s  (2 ^ 2 , 2 ^ 3 ) .
In  a d d it io n  to  th e  r e a c t io n s  ab ove, th e  e s t e r s  are consumed by 
b a s e -c a ta ly s e d  e l im in a t io n  to  th e  d ien e  ( l8 o ) which p o ly m e r ise s  
under th e  r e a .c tio n  c o n d it io n s  w h ile ,  over ex ten d ed  r e a c t io n  t i n e s ,  
th e  amine p ro d u cts  are decom posed.
* H e r e a f te r , th e s e  compounds w i l l  be a b b rev ia ted  to  
6 - e s t e r  = 6 - is o p r o p y l  ’c y c lo h e x -2 —e n - l - y l  e s t e r
4 - e s t e r  = 4 -  " " " "
6—amine -  N—(6 —is o p r o p y l c y c lo h e x -2 —en—1 —y l )  p ip e r id in e  
4-am ine = IT-( 4 -  " " " ) "
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d i p r r e  TO. C-LO r u r l - r s i s  o f  t h e  p r o d u c t s  f rom r e a c t i o n  o f  t h e
7 , 6 - d i c h l o r c v b e n r o r t e  (40) mi th  ■p iper id ine  ,
dromenrtion
P IP
pip
PIP
pip
GLC conditions: ff Cnrbo^y 00!' + if TOIT; 130°C$ nitropen 20^.s.i.
Cl
c
4 0
"'"'i'■'■‘ire  Q• ?-rr ly s is  of "the products frorr. re a c tio n s  ol* "the
3 ,5 -d in itro h en so r.te s  (84, 85) with p ip e r id in e .
Est
84 85
GLC cor.ditionr.s 5f' Crrhownx 201' + 1^ KOH; 150 C 5 nitroren 20p,
m
P4p
-GH
HQ
T O
rtenlcs due to decomposition prod.ucts (l'I+=113, 27)1*
* 2 •  P r o d u c t  a n a l y s i s
The l im it e d  a v a i l a b i l i t y  o f  e s t e r  s u b s tr a te s  (4 0 , 8 4 , 8 5 , 87 ) 
r e q u ir e d  th a t  a n a ly s is  he perform ed on a v ery  sm all s c a l e ,  w h ile  th e  
co m p lex ity  o f  th e  r e a c t in g  system  d ic ta te d  th a t  th e  a n a ly t ic a l  method 
must he s u f f i c i e n t l y  s e n s i t i v e  to  d e te c t  even  sm a ll amounts o f  minor 
p ro d u cts  in  m ulti-com ponent m ix tu res .
GLC a n a ly s is  on s p e c ia l ly  d e v ise d  su p p orts f u l f i l l e d  th e s e  
req u irem en ts  adm irably -  not o n ly  d id  i t  serv e  to  se p a r a te  most o f  
th e  p ro d u cts  hut i t  a ls o  id e n t i f i e d  them .
The e f f i c i e n c y  o f  th e  GLC system  i s  amply d em onstrated  by  
a n a ly s is  o f  th e  p ro d u cts  from th e  r e a c t io n s  o f  th e  c i s  and tr a n s
3 ,5 -d in it r o b e n z o a te  e s t e r s  ( 8 4 , 85 ) w ith  p ip e r id in e  (F ig u r e  9)>  
w h ile  th e  se p a r a t io n  o f  th e  fo u r  p o s s ib le  amine p ro d u cts  i s  c l e a r ly  
shown by th e  s im p ler  a n a ly s is  o f  th e  p rod u cts from r e a c t io n  o f  th e  
tr a n s  2 ,6 -d ic h lo r o b e n z o a te  ( 4 0 ) w ith  p ip e r id in e  (F ig u re  10a ) .  In  
t h i s  l a t t e r  c a s e ,  s t e r i c  h indrance from th e  c h lo r in e  s u b s t i tu e n t s  
p rev en ted  a m in o ly s is  by p ip e r id in e ,  y ie ld in g  a product m ixture  
c o n ta in in g  fo u r  am ines o n ly  ( 22 7 , 228 , 229 , 43)»
GC-HS shovred th e  fo u r  am ines to  be two p a ir s  o f  s te r e o iso m e r s  
(F ig u r e  l l ) ,  th e  4 -am in es (2 2 9 , 4 3 ) ^nd 6-am in es ( 2 2 7 , 228) .  The 
s te r e o c h e m is tr y  o f  th e  4 -am in es ( 229 , 43) was a s s ig n e d  by  
h y d ro g en a tio n  and c o in j e c t io n  o f  th e  r e s u lta n t  sa tu r a te d  am ines 
(F ig u re  10b) w ith  a u th e n tic  N -(4 - iso p r o p y l C2^ c lo h ex y l) p ip e r id in e s  
( l9 5 ,  1 9 6 ) on th r e e  se p a r a te  GLC colum ns.
The s te r e o c h e m is tr y  o f  th e  6—amines ( 2 2 7 , 223) c o u ld  n o t he 
d e fin e d ,h o w e v e r , a s th e  a p p r o p r ia te , a u th e n tic  sa tu r a te d  am ines 
(£ 1 4 , 235) were not a v a i la b le .
GLC d id  not c o m p le te ly  sep a ra te  a l l  o f  th e  a l l y l i c  a lc o h o ls  
produced ( 9 8 , 9 9 , 2 3 2 , 233) sh ov in g  o n ly  th r e e  p e a k s , a s  th e  tr a n s -6
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' (2?) an  ^ unsaturated a lcoh o ls ( 233) were inseprrable on a l l
the systems used. The corresponding saturated a lcoh o ls ( l 4 l ,  138, 
2 0 3 , 2 0 1 ) obtained by hydrogenation were, however, separable, and 
were used to  estim ate the amounts of trans-6 and c i s -4  a lco h o ls  
(99* 233) p resen t. The id e n tity  of the four a lcoh o ls  was 
esta b lish ed  by GC-HS and by c o - in je c t io n  of the saturated  a-lcohols 
vdth authentic  m a ter ia ls .
The 6- e s t e r  s t a r t in g  m a te r ia ls  ( 225 , 226 ) and t h e ir  a l l y l i c a l l y  
rearran ged  4 - iso m e r s  (2 3 0 , 231) were u n su ita b le  f o r  d ir e c t  a n a ly s is  
by GLC and were determ ined  by a n a ly s is  o f  th e a l l y l i c  a lc o h o l  
p ro d u cts  (9 2 *  9 § , 2 3 2 , 233) o b ta in ed  on r e d u c tio n  by LAH.
VThen th e  r a t io  o f  p ip e r id in e  to  p rod u cts was h ig h , as in  th e  
e a r l i e r  s t a g e s  o f  th e  r e a c t io n s ,  th e  a n a ly s is  was co m p lica ted  by 
e x c e s s iv e  " t a i l i n g ”, cau sed  by p ip e r id in e ,  in t e r f e r in g  w ith  a ccu ra te  
e s t im a t io n  o f  th e  a rea  o f  th e  product p ea k s . T h is  problem  was 
overcome by v ery  c a r e fu l  washing o f  th e  a n a ly t ic a l  sam ple vd th  a 
few  m ic r o l i t r e s  o f  d i s t i l l e d  w ater to  s e l e c t i v e l y  remove e x c e s s  • 
p ip e r id in e  b e fo r e  GLC a n a ly s i s .  The s e l e c t i v i t y  v.as m on itored  by 
GLC a n a ly s i s  b e fo r e  and a f t e r  w ash ing.
F u rth er  a n a ly t ic a l  problem s were caused  by th e  p resen ce  o f  
compounds a p p a ren tly  formed by d ecom p osition  o f  th e  amine p ro d u cts  
a f t e r  ex ten d ed  r e a c t io n  t im es  (F ig u re  9 ) .  The i d e n t i t y  o f  th e s e  
compounds was not f u l l y  e s ta b l is h e d  a lth ou gh  th e y  were shown, by  
GC-HS, t o  have m o lecu la r  w eig h ts  o f  113 ?-nd 127 and to  c o n ta in  
p ip e r id in e .
] A
He]: fine 6. Reported ‘' renotion of tr?,ns 2,6—ai chi or obento cite 
enters (??, 40> 41) rith piperidine#
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■C
Cl
gm  ^ 2 ’
R
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AO Pr1 44
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Pr
Bu
R
236  
2P-9 
237
Lie
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3u
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238 Me 239 Ke
227 Pr1 228 Pr1
240. B u * 241 Bu*
3* Trans su b stra te :
R e su ite
1AStork  and White rep o rted  ' th a t  th e  tr a n s  2 ,6  d ic h lo r o b e n z o a te s
(3 9 , 4 0 , 41) r e a c te d  vdth p ip e r id in e  to  produce th e  tr a n s  4 —am ines
(4 2 , 4 3 , 44) in  60-73/' y i e ld s  (Scheme 6 ) ,
They c la im ed  t h a t : -
1# c i s  4 -am in es (2 3 6 , 2 2 9 , 237) were not formed*
2# 6 -am in es ( 238 , 2 3 9 , 227 , 228 , 2 4 0 , 241) v;ere n ot form ed i . e .
"normal" s u b s t i t u t io n  d id  not occur*
3# R earrangem ent o f  e s t e r s  d id  not occur d u rin g  th e  r e a c t io n *
4* R e a c tio n s  ex h ib ite d . second  order k in e t ic s *
They co n c lu d ed ,o n  th e  b a s is  o f  t h i s  e v id e n c e , th a t  th e  tr a n s
4-am in es ( 4 2 , 4 3 , 4 4 ) were form ed from th e  tr a n s  6 - e s t e r s  (3 9 ,  4 0 ,
4 l )  by th e  syn S^2* mechanism.
T h is  s tu d y  w i l l  .d isp u te  c la im s  1 ,  2 , and 3 , ab ove, b u t ,  as a
r e s u l t  o f  fu r th e r  v.Tork vd th  o th er  d is p la c e a b le  e s t e r  g ro u p s, w i l l
uphold  th e  c o n c lu s io n  th a t  th e  r e a c t io n ,  when in v o lv e d , e x h ib i t s
o n ly  syn s te r e o c h e m istr y *
U n fo r tu n a te ly , th e  s y n th e t ic  problem s d e sc r ib e d  e a r l i e r
p rec lu d e d  f u l l  in v e s t ig a t io n  o f  th e  S 2* r e a c t io n  o f  th e  s u b s tr a te s
N
(3 9 ,  4 0 ,  4 l )  em ployed by S tork  and W h ite ,^  but s u f f i c i e n t  ev id e n c e  
was o b ta in e d  from stu d y  o f  th e  a v a ila b le  tr a n s  6 - is o p r o p y l c y c lo h e x -  
2 - e n - l - y l  2 ,6 -d ic h lo r o b e n z o a te  ( 4 0 ) t o  a llo w  c e r t a in  c o n c lu s io n s  
to  be made and, im p o r ta n t ly , to  perm it analog;/- vdth  th e  more 
r e a d i ly  a v a i la b le  and so  more e x t e n s iv e ly  s tu d ie d  tr a n s  6 - is o p r o p y l  
c y c l o h e x - 2 - e n - l - y l  3 ,5 ” <i i ni i ;ro ,^enoa^e (®5)*
Table 1 6 .
(a)
p
P rod u cts from r e a c t io n  o f  th e  tr a n s 2 , 6- d ich lo r b b en zo a te
w ith ^ ip e r i d i n e .
pip
1 I
i f r  j f f i 'k k  pip k ^ pip v
r e a c t io n teirp • tim e so lv e n t 227, 228b 229 43
n o . °C h . $ / r
1 130 24 - 13 22 65
2 130 44 - 14 26 60
160 140 n.-xylene 14 32 94
4 140 18 n-rylene 14 24 62
n it 84 it 15 33 52
(1)) Fster isonerisr.tionc" during reaction of the trans
2,6-dichlorobenzoate (40) with piperidine.
A r CO 9 ArCO
ArCO
reac-fion tine 40 242
no
99+■ylene
p . c^ nalysis by C-LC (enters analysed 0s alcohols, after LAH reduction) 
b. the cir, and trans eniners were not rigorously identified.
( i )  'trans 6—1 copropyl c y c lo h e x -2 —en -1 —y l  2 ,6 —d ieh lo r o b o n zo a te  ( 4 0 ) .
When th e  tr a n s  2 ,6 -d ic h lo r o b e n z o a + e  (AO) was heated, w ith
*
p ip e r id in e ,  in  th e  absence o f  added s o lv e n t ,  under the c o n d it io n s  
em ployed "by S tork  and V J h ite ,^  a m ixture o f  am ines r e s u l t e d .
( f a b le  16a, r e a c t io n  l ) .  The e x p e c te d ^  "abnormal" s u b s t i t u t io n  
p ro d u ct, th e  tr a n s  4 -am ine (43> $ 5 ? )  t-ras accom panied by s u b s ta n t ia l  
amounts o f  i t s  c i s  4 -ep im er ( 22? ,  22^ ) and th e  "normal" s u b s t i t u t io n  
p r o d u c ts , th e  6 -am in es ( 227+228. 1 3 ^ ).
The appearance o f  b oth  "normal" s u b s t i t u t io n  p r o d u c ts , c i s  and 
tr a n s  6 -am in es ( 227 . 228) was s u r p r is in g ,  s u g g e s t in g  e i t h e r  th a t  th e  
t r  ans 6 - e s t e r  (4 0 ) was prod u cin g  6-am in es by a n o n - s t e r e o s p e c i f ic  
S^l p r o c e s s ,  or th a t  p a r t ia l  e p im e r isa t io n  to  th e  c i s  6- e s t e r  was 
o c c u r r in g , fo llo w e d  by 3^2 r e a c t io n .
The r e a c t io n  was in v e s t ig a t e d  under d i f f e r e n t  c o n d it io n s ,  
v a r ia b le s  b e in g  t im e , tem p era tu re , and th e  p r e se n c e  or ab sen ce o f  
s o lv e n t  (m -x y le n e ) . S u r p r is in g ly ,  t h i s  dem onstrated  ( f a b le  l6 a )  
th a t  th e  r a t io  o f  th e  iso m e r ic  4 -am in es (2 2 ? , 43) was dependent 
upon r e a c t io n  c o n d it io n s  and v a r ie d  during  th e  co u rse  o f  r e a c t io n  
( f a b le  1 6 , r e a c t io n  4 )0
I f ,  a s  was i n i t i a l l y  th o u g h t, th e  c i s  and tr a n s  4 -am in es  
( 2 2 9 , 4 3 ) were form ed by a n t i  and syn  S^2 * r e a c t io n s ,  r e s p e c t i v e ly ,  
from tr a n s  6 - e s t e r  (40  ) t h e ir  r a t io  would rernadn c o n sta n t  d u rin g  
r e a c t io n  and would be a measure o f  th e  r a t io  o f  th e  a n t i  and syn  
r a te  c o n s ta n t s .  The ob served  n o n -co n sta n cy  o f  th e  4-am ine r a t io  
su g g e ste d  th a t  th e y  were not formed by th e  came k in e t i c  pathway  
(3^2*) from th e  same s u b s tr a te  ( t r a n s . 6- e s t e r  (A O )).
A n a ly s is  o f  th e  r e s id u a l  e s t e r ,  a f t e r  r e a c t io n ,  showed t h a t ,  
du rin g  th e  co u rse  o f  r e a c t io n ,  th e  tr a n s  6 - e s t e r  (AO) had p a r t i a l l y  
e p in e r is e d  t o  th e  c i s  6 - e s t e r  (8 2 ) and, more s i g n i f i c a n t l y
60
r:’?.'ble 1 7 .  Conrerrison o f  th e  ■products'* from r e a c t i o n s  o f  th e  t r a n s
2 ?6-r,.ich.loro‘ber.r:on.te (/.0) T*ith n in erid in e ancl the trans  
3 ,3 -d in itr o ’bensoaie ( 85) r ith  p in e r id in e .
p ip
f i r
1
11 1
pi p i p " ^ ^
li s t e r Temp • Time S o lv en t 227 ,228 229 43
srdor i r a t e h . f'/ /- o fi-
2,6-DCB 140 18 m -::ylene 14 24 62
U 0 ) it 84 tt 15 33 52
3,?-BK 3 145 18 it 8 16 76
(? 5 ) 90 tt 9 30 61
a l l y l i c n l l y  rearran ged  to  th e  tr a n s 4 - e s t e r  ( 2 /2 ) (T able l 6b) .
The 62:32  r e t i o  o f  tr a n s  6 - ( / 0 )  to  o th er  e s t e r s  (2 2 , 242) was very  
s im ila r  to  th e  r a t io  o f  tr a n s  4 -  to  c i s  4-am in es (/-3 5 229) su g g e s t in g  
a l in k  betw een  th e  e s t e r  rearrangem ent and th e  ob served  
s te r e o c h e m is tr y  o f  th e  4 -a m in es ,
U n fo r tu n a te ly , fu r th e r  s tu d ie s  had to  u t i l i s e  an oth er s u b s tr a te ,  
tr a n s  6 - is o p r o p y l  c y c lo h e x -2- e n - l - y l  3 , 5-d in itr o b e n z o a te  ( 85) as th e  
su p p ly  o f  tr a n s  2 ,6  d ich lo r o b e n z o a te  (4 0 ) had been ex h a u ste d ,
H o\/ever, th e s e  confirm ed  and exten d ed  th e  i n i t i a l  r e s u l t s  w ith  th e
2 , 6-d ic h lo r o b e n z o a te ,
S u f f i c i e n t  in fo rm a tio n  had a lrea d y  been  o b ta in e d , how ever, to  
d isp u te  c la im s  1 ,  2 ,  and 3 made by S tork  and W h ite ,^  a lth o u g h ,  
a t  th a t  t im e , f i n a l  judgement co u ld  not be p a ssed  on t h e ir  
c o n c lu s io n #
( i i )  t r a n s  6- is o p r o p y l  c y c lo h e x -2- e n - l - y l  3 , 5-d in itr o b e n z o a te  ( 85 ) .  
T h is  s u b s tr a te  was l e s s  s u it a b le  fo r  stud y  o f  th e  S 2' r e a c t io n
i t
th an  i t s  2 , 6—d ic h lo r o b e n z o a te  analogue ( 4 0 ) b ecau se i t s  r e a c t io n s  
w ith  p ip e r id in e  produced a more com plex m ix tu re , p ro d u cts  r e s u l t in g  
from a m in o ly s is  a ls o  b e in g  form ed,
D isr e g a r d in g  -a m in o ly s is , how ever, th e  tr a n s  3 ,5 -d in it r o b e n z o a te  
( 85) r e a c te d  s im i la r ly  t o  th e  t r a n s - 2 ,6  d ich lo r o b e n z o a te  ( 4 0 ) ,  
y ie ld in g  a m ixture o f  "normal" and "abnormal" s u b s t i t u t io n  p rod u cts  
(T ab le 1 7 ) ,  The amount o f  "normal" s u b s t i t u t io n  was l e s s  than  fo r  
th e  2 ,6  d ic h lo r o b e n z o a te  ( 4 0 ) ,  presum ably r e f l e c t i n g  an in c r e a se d  
s t e r i c  b a r r ie r  to  n u c le o p h i l ic  a t ta c k  by p ip e r id in e  a t th e  a l l y l i c  
p o s i t io n  o f  th e  3 , 5-d in itr o b e n z o a te  ( 85) •
As b e fo r e ,  th e  r a t io  o f  c i s  to  tr a n s  4-^m ines (£ 2 9 , 43) was n ot 
c o n sta n t d u rin g  th e  r e a c t io n ,  in c r e a s in g  w ith  r e a c t io n  tim e and a ls o
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T^ble  18 . C om parison  o f  p r o d u c t  d i s t r i b u t i o n ^  rnc> s u b s t r a t e
i s o m e r i s a t im  du rin g  r e r c t io n  o f th e  trn n s
Q
? ,^ -u in itr o h e n z o r .te  ( 8 5 ) vjith p ip e r id in e .
am ines a lc o h o ls
2 H 1 1
ArCO
1
e s t e r s
2  1 1
t r
ri Y f Y 5 1
Pip^
I
^  HO' ArCCL
Time (h )
CIS
22°
i
tr a n s
A3
c '
c i s
n
tr a n s
99
c1
r
232 ■
c*
t
c i s
°  A<■ 4
tff
/ '
tr a n s
/-
2 /2
<*/-
0 - - - - - 3 97 -
18 18 82 1 89 10 7 79 14
/2 31 69 0 74 24 8 68 24
66 31 69 2 73 25 9 62 29
90 37 67 2 71 27 10 47 43
a . a n a ly s is  "by CLO .
b . c o n d it io n s :  145°C , m -xylene
c .  a n a ly se d  as  th e  n l l y l i c  a lc o h o l p ro d u cts  from LAI! r e d u c t io n
d. ex p r e sse d  a s  £  o f  t o t a l  4 -am in es ( 229+4 3 ).
e .  e x p r e sse d  a s  £  o f  t o t a l  a lc o h o ls  ( 98+ 99+2 3 2 ) e x . a m in o ly s is
f .  e x p r e sse d  a s  £  o f  t o t a l  e s t e r s  (S2+40+2A2) as determ ined
a f t e r  LAI! r e d u c t io n .
w ith  tem p era tu re , • A nalogy betw een th e s u b s t i t u t io n a l  b eh av iou r  
o f  th e  two e s t e r  system s (AO, 85) i s ,  th e r e fo r e ,  v a l id  and th e  
q u a l i t a t iv e  c o n c lu s io n s  to  be drawn from a, stu&v o f  the 1 . 5-  
d in itr o b e n z o a te  ( 85) may rea so n a b ly  be a p p lie d  to  th e  2 , 6-  
d ic h lo r o b e n z o a te  (4 0 ) •
I n i t i a l  exp erim en ts  supported  th e  p r e v io u s ly  in fe r r e d  l in k  
betw een  th e  s te r e o c h e m is tr 3r o f  th e  4 -am ine p ro d u cts  ( 2 2 9 , 4 3 ) and 
th e  e s t e r  e p im e r is a t io n  and rearrangem ent ('Table 1 8 ) • In  a d d it io n ,  
th e  d is t r ib u t io n  o f  th e  a lc o h o l p ro d u cts  from a m in o ly s is  was seen  to  
a l t e r  d u rin g  th e  r e a c t io n ,  th e  ob served  change r e f l e c t i n g  th e  e s t e r  
is o m e r is a t io n ,  a t  l e a s t  f o r  th e  f i r s t  f o r t y  hours o f  r e a c t io n  
(T ab le 1 8 ) .
These r e la t io n s h ip s  were ex p lo red  fu r th e r  by s tu d y in g  th e  
r e a c t io n  o f  th e  tr a n s  6 - e s t e r  ( 85 ) w ith  p ip e r id in e  a t  d i f f e r e n t  
tem p era tu res , in  th e  dual hope o f  e s t a b l is h in g  th e  sou rce o f  
th e  4 -am in es ( 229 ,  43.) and o f  r e d u c in g , by lo w er in g  r e a c t io n  
tem p era tu re , th e  c o m p lic a t io n  o f  e s t e r  is o m e r is a t io n . I n  p r a c t ic e ,  
t h i s  l a t t e r  hope was dashed f o r ,  a lth ou gh  e s t e r  iso m e r a tio n  was, 
in d e e d , reduced  as th e  tem perature was lo w ered , th e  r a t io  o f  
a m in o ly s is  to  s u b s t i t u t io n  in c r e a se d  u n t i l  a m in o ly s is  became th e  
dominant r e a c t io n ;
E ow ever, th e  r e la t io n s h ip  betw een  4-am ine s te r e o c h e m is tr y  and 
e s t e r  is o m e r is a t io n  was c l e a r .  As r e a c t io n  tim e or tem perature  
v a r ie d ,  so  d id s -
1 .  The r a t i o  o f  c i s / t r a n s  4 -am in es ( 2 2 9 , 43) (F igu re  1 2 ) .
2 .  The d i s t r ib u t io n  o f  th e  a lc o h o l p rod u cts from a m in o ly s is  
(F ig u r e  1 3 ) •
3* The e s t e r  c o m p o s it io n , as determ ined  a f t e r  LAH r e d u c t io n  
(F ig u re  14 ) •
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The product d is t r ib u t io n  was a ls o  in f lu e n c e d  by th e  n atu re o f
1 o,<
th e s o lv e n t  as shown'by th e  f a c t  th a t  a d d it io n  o f  t r i f l u o r o e t h a n o l , ' ' 
ah io n i s in g  non—n u c le o p h il ic  s o lv e n t ,  to . th e  s o lv e n t  system  cau sed  
changes in  th e  e s t e r  co m p o sitio n  and, c o n se q u e n tly , in  th e  r a t io  o f  
c i s  t o  tr a n s  4 -am in es and a lc o h o l d is t r ib u t io n  (F ig u r es  1 2 , 1 3 , 1/ ,
1 5 ) s u g g e s t in g  th a t  th e  e s t e r  is o m e r isa t io n  may p ro ceed , a t  l e a s t  
p a r t i a l l y ,  by an io n ic  mechanism*
C o n tro l exp erim en ts (F ig u re  15 ) in  which th e  tr a n s  6- e s t e r  ( 85 ) 
was s u b je c te d  to  th e  r e a c t io n  c o n d it io n s  in  th e absence o f  p ip e r id in e  
a ls o  showed v a r ia t io n  in  th e  e s t e r  co m p o sitio n  w ith  tim e and 
tem p era tu re , but th e s e  co u ld  not be d ir e c t ly  r e la t e d  to  v a lu e s  
o b ta in ed  from th e  re  auctions in  th e  p resen ce  o f  p ip e r id in e ,  as i t  
appeared th a t  th e  observed  r e s u l t s  were a com bination  o f  e s t e r  
is o m e r isa t  io n  and e s t e r  d ecom p osition  r e a c t io n s ,  th e  l a t t e r ,  
presum ably , b e in g  c a t a ly s e d ,  in  th e  absence o f  b a s e , by 2 ,5  — 
d in itr o b e n s o ic  a c id  ( 243) * l ib e r a t e d  by th e s l i g h t  therms.! 
d eco m p o sitio n  o f  th e  e s t e r .  T h is  d ecom p osition  r e a c t io n  was 
e f f e c t i v e l y  su p p ressed  by p erform ing th e  c o n tr o l experim ent in  th e  
p resen ce  o f  an added, r e l a t i v e l y  n o n -n u c le o p h ilic ,b a s e  ( e . g .  
tr ie th y la m in e )  whose prim ary fu n c t io n  was to  se q u e s te r  any a c id  formed  
by therm al d eco m p o sit io n .
Com parison o f  th e  d a ta  ob ta in ed  fo r  4-s.mine s te r e o c h e m is tr y ,  
a lc o h o l d i s t r ib u t io n ,  e s t e r  is o m e r is a t io n  during r e a c t io n ,  and 
e s t e r  is o m e r is a t io n  in  a c o n tr o l experim ent r e a d i ly  showed th e  
in t e r - r e la t io n s h ip  o f  th e s e  q u a n t i t ie s  (F igure 1 6 , T able 19 )*
T h is  in fo r m a tio n  s tr o n g ly  su g g este d  th a t th e e p ir .e r ic  4 -am in es  
( 229 , 43 ) were n ot b e in g  formed from th e  same so u r c e . R a th e r ,  
th e tr a n s  4 -am ine ( 4 3 ) was formed d ir e c t ly  from th e  tr a n s  6 - e s t e r  
( 85 ) ,  presum ably by syn r e a c t io n  (a lth o u g h  t h i s  had y e t  t o  be
63
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p r o v e d ), w h ile  the c i s  4~amine (22-9) was formed from th e  i s o n c r i s e d
c i s  6 -  and tr a n s  4—e a te r s  (8 4 ,  2 4 2 ); i t  w as, t h e r e f o r e ,  not 2 .
product o f  a n t i  1 r e a c t io n .
H aving e s t a b l is h e d  p la u s ib le  so u rces  fo r  th e  4 -am in es (2 2 9 , ^-3),
i t  th en  became n e c e ssa r y  to  determ ine t h e ir  modes o f  fo rm a tio n  from
th e s e  so u r c e s  (F ig u r e s  1 7 , 1 8 ) .
P o t e n t i a l l y ,  th e  tr a n s  4~amine (4 3 ) majr a r i s e  from th e  tr a n s
6 - e s t e r  ( 85 ) by a v a r ie t y  o f  pathways (F igu re 1 7 ) but a l l  e x c e p t syn
S>t2* were e l im in a te d ; -  IT
1 . R outes in v o lv in g  amine e p im e r isa t io n  or a l l y l i c  rearrangem ent 
(B , B , F , H, J ,  K) were e l im in a te d  by c o n tr o l exp erim en ts in  which
d i f f e r e n t  m ix tu res o f  th e  fo u r  iso m e r ic  amines ( 2 2 7 , 228 , 2 2 9 ,  4 3 ) 
were su b je c te d  to  th e  r e a c t io n  c o n d it io n s  in  th e  absence o f  e s t e r .
No is o m e r is a t io n  o f  th e  am ines occu rred , e i th e r  by e p im e r is a t io n  
or a l l y l i c  rearran gem en t.
2 .  E p im e r isa t io n  o f . th e  tr a n s  6- e s t e r  ( 85) *to th e  c i s  6 - e s t e r  ( 84 ) 
was shown to  be s l i g h t  (T ab le 1 9 ) ,  e f f e c t i v e l y  e l im in a t in g  r o u te s  
(C ,D ,E ,F ) in v o lv in g  t h i s  s tep  from b e in g  s ig n i f i c a n t  pathw ays
t o  th e  tr a n s  4-am ine (4 3 )*  R outes I) and F h a v e , in  f a c t ,  a lr e a d y  
been  e l im in a te d  in  1 . above and la t e r  s tu d ie s  w ith  th e  c i s  6- c s t e r  
( 84) w i l l  con firm  th e  n o n -p a r t ic ip a t io n  o f  ro u te  C , as th e  second  
s te p  ( a n t i  S,T2 f r e a c t io n )  does n ot o ccu r .
■■■■ " In
3 .  H ydrogenation  s tu d ie s  dem onstrated  th a t o n ly  tr a c e  amounts
( l £ )  o f  th e  c i s  4 - e s t e r  (2 4 4 ) were p r esen t in  th e  r e a c t io n  m ix tu res  
and in  c o n tr o l  exp erim en ts perform ed in  the absence o f  n u c le o p h ile ;  
th e s e  sm a ll q u a n t i t ie s  co u ld  be s a t i s f a c t o r i l y  accou n ted  fo r *  by  
a l l y l i c  rearrangem ent o f  th e  c i s  6—e s t e r  p resen t ( 84) ( f a b le  19)*
* By a n a lo g y  w ith  l a t e r  stud y  o f  th e  c i s  6—e s t e r  ( 84) •
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r a th e r  than  by th e  e p im e r is a t io n  o f  tr a n s  4- e s t e r  ( 242) to  c i s  
/ - - e s t e r  ( 244) > th ereb y  e l im in a t in g  ro u te  G.
4* K in e t ic  s tu d ie s  ( s e e  le .tc r )  e s t a b l is h e d  th a t  th e  r a te  o f  
form ation  o f  th e  tr a n s  4 -am ine ( 4 3 ) was p r o p o r tio n a l to  th e  
c o n c e n tr a t io n s  o f  th e  tr a n s  6- e s t e r  ( 85 ) and p ip e r id in e .  T h is  
fu r th e r  e l im in a te d  th e  com plex r o u te s  13,C ,D ,E ,F ,G ,H ,J ,K  s in c e  fo r  
th e se  r o u te s  to  e x h ib it  secon d -ord er  k i n e t i c s ,  a l l  o f  th e  s t e o s  
in v o lv e d  would have to  be seco n d -o rd er , which i s  u n l ik e ly  fo r  th e  
e p im e r is a t io n s  and a l l y l i c  rearran gem en ts, or th e  r a te  o f  r e a c t io n  
would have to  be ind ep en d en t o f  th e s e  is o m e r is a t io n s  i . e .  th e y  would  
re q u ir e  to  be v e r y  f a s t  r e l a t i v e  to  th e  S 2 o r  S 2* r e a c t io n s
Ili ft
in v o lv e d  -  t h i s  h as a lr e a d y  been shovm not t o  be th e  c a s e .
A ll  o th e r  p la u s ib le  pathways h av in g  th u s been  e l im in a te d ,  
th e  in e v i t a b le  c o n c lu s io n  from t h i s  -study m ust, t h e r e f o r e ,  be th a t  
th e  tr a n s  4-am ine (4 3 ) was formed from th e  tr a n s  6- e s t e r  ( 8 5 ) by a 
syn Sn2 * r e a c t io n .
C o n seq u en tly , th e  c i s  4 -am ine ( 229) cannot be formed by a n t i  
S^2 * r e a c t io n  from th e  tr a n s  6- e s t e r  ( 85) s in c e  t h i s  would r e q u ir e  
th e  c i s  t o  tr a n s  4 -am ine r a t io  to  be c o n sta n t and i t  m ust, th e r e f o r e ,  
be form ed by o th er  pathw ays (F ig u re  1 0 ) ,  most p rob ab ly  in v o lv in g  
p r io r  e p im e r is a t io n  or a l l y l i c  rearrangem ent o f  th e  tr a n s  6- e s t e r
(85) .
The f e a s i b i l i t y  o f  th e s e  two p o s s ib le  r o u te s  was dem onstrated  
by ex p er im en t.
1 .  The c i s  6- e s t e r  ( 84 ) was shown to  r e a c t  by syn S^ 1 r e a c t io n ,  
p rod u cin g  c i s  4-am ine ( 229) ( s e e  l a t e r ) .  H owever, as th e  
e p im e r is a t io n  o f  tr a n s  6 - e s t e r  ( 8 5 ) to  c i s  6—e s t e r  ( 84 ) was s l i g h t ,  
and o n ly  3 f  o f  th e  c i s  6 - e s t e r  ( 84 ) was p r e se n t  in  th e  s t a r t in g  
m a te r ia l ,  t h i s  r o u te  can be o n ly  a minor c o n t ib u to r  to  th e  fo rm a tio n
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- o f  th e  c i s  4 -am ine ( 229)*
2 . The a l l y l i c  rearrangem ent product tr a n s  4 - e s t e r  ( 2 /2 )  was
shown to  r e a c t  "by "normal" S^2 r e a c t io n  to  produce th e  c i s  4 —amine
(2 2 9 ) by trea tm en t o f  a m ixture o f  tr a n s  6-  and tr a n s  4 - e s t e r s
(£ 5 ,  242) w ith  p ip e r id in e .  Comparison o f  th e r e s u l t s  o f  t h i s
experim ent w ith  th o se  from a c o n tr o l exp erim en t, u s in g  tr a n s  6- e s t e r  
( 85 ) a lo n e , d.em onstrated th a t  th e q u a n tity  o f  c i s  4 -am ine ( 229)
form ed v/as d i r e c t ly  r e la t e d  to  th e  amount o f  tr a n s  4- e s t e r  ( 242)
a v a i la b le  and th a t  th e  c i s  4 -am ine ( 229) was th e r e fo r e  b e in g
p red om in an tly  formed by "normal" S^2 r e a c t io n  o f  th e  tr a n s  4 - e s t e r
(2 4 2 ) (F ig u r e  19 ) .
b .  C o n c lu s io n s
I t  h a s ,  th u s , been  dem onstrated  th a t  th e  tr a n s  3 > 5 -d in itr o b e n z o a ie
( 85) and, by a n a lo g y , th e  tr a n s  2 , 6-d ic h lo r o b e n z o a te  (4 0 ) w i l l
undergo s u b s t i t u t io n ,  by p ip e r id in e ,  by a v a r ie t y  o f  p athw ays,
in c lu d in g  th e  S^2f r e a c t io n .  In  th e se  system s th e  s te r e o c h e m is tr y
o f  th e  Sjj2 * r e a c t io n  was sy n , and no e v id e n c e , w h a tso ev er , f o r  a n t i
1AS-t2* r e a c t io n  was fou n d . Thus, a lth ou gh  th e  ev id e n c e  ' p r e se n te d  N
by S tork  and White i s  d isp u te d , th e  p re se n t stu d y  j u s t i f i e s  t h e i r
c o n c lu s io n  th a t  th e  S^ 1 r e a c t io n  occu rs on ly  in  syn fa s h io n  in  tr a n sN ----  --------
c y c lo h e x -2- e n - l - y l  sy s te m s.
* T h is  was a v a i la b le  from p a r t ia l  rearrangem ent o f  tr a n s  6- e s t e r  
( 85) by h e a t in g  i t  in  th e  absence o f  n u c le o p h ile .  Use o f  a m ixture  
( 8 5 , 242) circu m ven ted  th e  much more le n g th y  p r e p a r a tio n  o f  pure  
tr a n s  A -e s te r  ( 242) by independent s y n th e s i s .
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2 a b le  2 0 . C o m a r ic o n  o f  th e  d i s t r i b u t i o n  o f  amine p r o d u c t s  from
reactions of the cis (24) and trans 6-esters (8^) with
rircridine.
RIP
PiP
2 9 ,4 3
Timeho
140
10
125
a. a n a ly s is  by C-LC
tr a n s  2,6-DCB -  tr a n s  6 - is o p r o p y l c y c lo h e x - 2 - e n - l - y l  
2 ,6 -d ic h lo r o b e n z o a te  ( 4 0 ) 
tr a n s  3,5-D!23 = ” 3 ,5 “ (i i ni ‘tr o b e n so a te  ( 8 5 )
c i s  3 ,5 ~ ^ TB = c i s  6 -iso -orcp ,y l c y c lo h e : : - 2 - e n - l - y l
3 , 5“ (iii'-i'trob en zoate  ( 84 )
c i s  p~N3 = " p -n iir o b e n z o a te  ( 87 )
4* Cir Substrates
a . R e s u lt s
In te r u r e tp -t io n  o f  th e  r e s u l t s  o b ta in ed  from th e  r e a c t io n s  o f  
th e  c i s  p -n itr o b e n z o a te  ( 87 ) and c i s  3 , 5-d in itr o b e n z o a te  ( 84 ) w ith  
p ip e r id in e ,  proved  to  be more com plex than  had been  found in  th e  
tr a n s  s e r i e s .
A d d it io n a l problem s in  th e  c i s  s e r ie s  were cau sed  by  
1 .  G reater amounts o f  "normal” s u b s t i t u t io n  p ro d u cts  (T able 2 0 )•  
These were d i f f i c u l t  to  a n a ly se  b ecau se o f  t h e ir  poor s e p a r a t io n  
from th e  a m in o ly s is  p ro d u cts  (F ig u re  9)*
2* C o r r e la t io n  betw een th e  s te r e o c h e m is tr y  o f  th e  4 -am in es and th e  
i s o m e r is a t io n  o f  th e  e s t e r  s u b s tr a te s  was made more d i f f i c u l t  by  
th e  d i f f e r e n t  r e a c t io n  r a t e s  o f  th e  o r ig in a l  and rearran ged  
s u b s t r a t e s .
3 - U n lik e  i t s  tr a n s  epirner, th e  c i s  3 ,5 -d in itr o b e n z o a te  ( 8 4 ) was 
iso m e r ise d  s i g n i f i c a n t l y  by both  e p im e r isa t io n  and a l l y l i c  
rearran gem en t. The tr a n s  6 - e s t e r  ( 85) ,  once form ed by e p im e r is a t io n ,  
w as, i t s e l f ,  prone t o  a l l y l i c  rearrangem ent. C o n seq u en tly , du rin g  
th e  co u rse  o f  r e a c t io n  o f  th e  c i s  6 -c s t e r '  (8 4 ) w ith  p ip e r id in e ,  a l l  
fo u r  o f  th e  in te r c o n v e r t in g  e s t e r s  (8 4 ,  8 5 , 244 , 242) were p r e se n t  
in  v a r y in g , but s i g n i f i c a n t ,  am ounts.
4* S te r e o c h e m ic a lly  pure c i s  3 ,5 -d in itr o b e n z o a te  ( 84 ) ,  f r e e  from  
i t s  tr a n s  epirner ( 8 5 ) was not a v a ila b le  and t h i s  co m p lica ted  
in t e r p r e t a t io n  o f  th e  r e s u l t s .
* Only p r e lim in a r y  s t u d ie s  were perform ed u s in g  t h i s  s u b s tr a te  ( 8 7 ) 
s in c e , f o l lo w in g  e x te n s iv e  stud y  o f  th e  tr a n s  3 ,5 -d in it r o b e n z o a te  ( 88 ) ,  
th e  c i s  3 , 5 -d in itr o b e n z o a te  was c o n s id e r e d  a b e t t e r  s u b s tr a te  fo r  
com p arative s tu d y .
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’i^ u r e  2 1 .  P o t e n t i a l  r o u t e s ' ” t o  c i s  A—amine ^2 2 ° ) Prom c i i
A.
3 .
C.
D.
6 - e s t e r
E st
pip'
E st
e o im e r is a t io n a n t i  Stt2»
85
E st
n
E st
85 242
2AA 242
err-r e a r r
E s t 'E st
ep^ = e p im e r is a t io n  p ip  = p ip e r id v l
r e a r r .  = a l l y l i c  rearrangem ent
E st =
0
,N2
NO
0 ‘
a . r o u te s  in v o lv in g  amine is o m e r is a t io n  are n o t shovm.
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( i )  c in  6 -iso -n rop y l c y c lo h e x -2 - e n - l - y l  3 ,5 -d in itr o b e n z o a te  ( 8 4 ) .
The s te r e o c h e m is tr y  o f  th e  4-am ine p rod u cts  ( 229 , 43 ) from  
r e a c t io n  o f  th e  c i s  3 j5 “*d.initro"benzoate ( 84) w ith  p ir e r id in e ,  was 
shown to  a l t e r  during th e  cou rse  o f  r e a c t io n  as was th e  co m p o sitio n  
o f  th e  e s t e r ,  e i th e r  in  th e  r e a c t io n  m ix tu re , i t s e l f ,  or in  a 
c o n tr o l  exp erim en t, em ploying tr ie th y la m in e  (F ig u re  2 0 , T ab le 2 l ) .
T h is  r e a c t io n  was s tu d ie d  fo r  o n ly  30 h o u rs, a s ,  a f t e r  th a t  t im e ,  
amine d eco m p o sitio n  became s e r io u s .
The ob served  change in  th e  r a t io  o f  s te r e o is c m e r ic  4 —am ines 
( 2 2 9 * 4 3 ) p a r a l l e le d  th e  change in  e s t e r  co m p o sitio n  a lth o u g h  th e  
corresp on d en ce  was n o t so  c lo s e  as w ith  the tr a n s  3 ,5 -& iu itr o b e n z o a te  
( 85 )* The d i screp an cy  was probab ly  due to  d i f f e r e n c e s  in  th e  
r e a c t io n  r a t e s  o f  th e  c i s  6 - e s t e r  ( 84 ) and i t s  iso m e r s , p a r t ic u la r ly
th e  tr a n s  6 - e s t e r  ( 85) .  K in e t ic  s tu d ie s  ( s e e  l a t e r )  e s t a b l is h e d
th a t  th e  c i s  6 - e s t e r  ( 84 ) r e a c te d  1 .1 3  tim es  as f a s t  a s  i t s  tr^r.s  
epim er ( 85 ) by syn 3^2* r e a c t io n ,  but th a t  th e  tr a n s  epim er ( 85) 
r e a c te d  a lm ost tw ic e  as f a s t  a s  c i s  6 - e s t e r  ( 84) by a m in o ly s is*  
C o n seq u en tly , th e  r a t io  o f  s te r e o iso m e r ic  4-am ines d id  n o t m irror  
th e  e s t e r  is o m e r is a t io n  e x a c t ly  but showed an apparent e x c e s s  o f  
c i s -4  amine above th a t  e x p e c te d , s in c e  th e  tr a n s  6 - e s t e r  ( 85 ) 
p r e f e r e n t i a l l y  r e a c te d  by a m in o ly s is .
A llo w in g  f o r  t h i s ,  th e  change in  th e  r a t io  o f  th e  s te r e o is o m e r ic  
4-am in es was seen  to  be d ir e c t ly  r e la t e d  to  th e  e s t e r  is o m e r is a t io n  
and i t  was c o n c lu d e d ,in  ana logy  w ith  th e  tr a n s  s e r i e s , t h a t  th e  c i s  
4-am ine (2 2 9 ) was form ed d ir e c t ly  from th e  c i s  6 - e s t e r  {8A) w h ile
th e  tr a n s  4-am ine ( 4 3 ) ' was formed from the iso m e r ise d  e s t e r s  ( 8 f ,  2A 2).
V a r io u s  pathw ays are a v a ila b le  fo r  the form a tio n  o f  th e  c i s  
4-araine ( 229) from c i s  6 - e s t e r  ( 8 4 ) (F igu re  2 l ) .
1 .  S tu d ie s  w ith  th e  tr a n s  6 - e s t e r  ( 85) have a lr e a d y  shown th a t
6 8
F i m r e  2 2 .  P o t e n t i a l  r o u t e s ' ’* t o  i r o n s  ^-am ine ( - 3 )  from  c l s
6 - e s t e r  (8 4 )*
A.
er> im erisa iion
p ip
84 43
B .
244
r e a r r .  = a l l y l i c  rearrangem ent
p ip  = p ip e r id y l E st =
NO
a . r o u te s  in v o lv in f;  amine is o m e r is a t io n  are n o t shown
a n t i  Sjy2f r e a c t io n  d id  n ot o ccu r , th ereb y  e l im in a t in g  ro u te  B#
2 •  Only tr a c e  amounts (<2^) o f  tr a n s  4 - e s t e r  ( 2 /2 ) were formed  
under r e a c t io n  c o n d it io n s  or in  c o n tr o l exp erim en ts (T ab le  2 l )  
su e r e s t in g  th a t  o n ly  minor amounts o f  c i s  4 -a n in e  ( 229) c o u ld  be 
form ed v ia  r o u te s  C and D# ^ S tu d ies in  th e  tr a n s  s e r i e s  ha.ve 
a lr e a d y  dem onstrated  th a t  th e  tr a n s  4 - e s t e r  ( 242) w i l l ,  in d e e d ,  
r e a c t  by S^2 mechanism to  produce c i s  4-am ine (2 2 9 )1 .
3# K in e t ic  s tu d ie s  dem onstrated  th a t  th e  r a t e  o f  fo rm a tio n  o f  
th e  c i s  4-«"niine ( 229) was p r o p o r tio n a l to  b oth  th e  c o n c e n tr a t io n  
o f  c i s  6 - e s t e r  ( 8 4 ) and p ip e r id in e #  T h is in fo r m a tio n  con firm ed  
th e  n o n -p a r t ic ip a t io n  o f  r o u te s  C and 2 s in c e  th e s e  would not be  
ex p e c te d  to  e x h ib it  secon d -o rd er  k in e t i c s  ( s e e  p#65 ) •
T hus, th e  o n ly  p la u s ib le  ro u te  to  c i s  4 —amine (2 2 9 ) in  agreem ent 
w ith  th e  a v a i la b le  da.ta i s  th e  syn  S^2’ ro u te  (R oute A)*
C on seq u en tly  th e  tr a n s  4-cm ine (4 3 ) cannot be form ed d ir e c t ly  
from c i s  6 - e s t e r  ( 84 ) -by a n t i  S^2* r e a c t io n ,  and i t  must be form ed  
i n d ir e c t ly  from th e  iso m e r ise d  tr a n s  6 -  and c i s  4 - e s t e r s  ( 8 5 , 244) 
(F ig u r e  2 2 )•
The tr a n s  6 - e s t e r  ( 89 ) has a lr ea d y  been shown to  produce tr a n s  
4-am ine (4 3 )  by a syn S^2* p r o c e s s ,  but a ttem p ts to  a s c e r ta in  th a t  
th e  c i s  4 - e s t e r  ( 244) would produce tra n s-4 -a m in e  (43) by S^2 
r e a c t io n  were f r u s t r a te d  by c o m p etit io n  from th e  syn 3^2* r e a c t io n  
o f  th e  tr a n s  6 - e s t e r  (8 ^ ) .  However, i t  appeared r e a so n a b le  to  
assume th a t  th e  c i s  4 - e s t e r  (244) would undergo S^ T2 r e a c t io n  w ith  
p ip e r id in e  s in c e  i t s  tr a n s  epimer (2 4 2 ) had b een  shown to  do so#
In  any c a s e ,  th e  amount o f  tr a n s  4-am ine (4 3 ) formed c o u ld  be  
accou n ted  fo r  by syn S>T2* r e a c t io n  o f  the tr a n s  6 - e s t e r  (8^ ) w ith ou t  
any need fo r  c o n tr ib u t io n  from p o s s ib le  S^ T2 r e a c t io n  o f  th e  c i s
4 - e s t e r  (24 4 )*
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( i i )  c i n  6- i r . o p r o T w l  e y e  1 oh  c.v-2  - e  n -1  - y l  p - n i t r o b e n r o s t e  ( 87) .
P re lim in a r y  s tu d ie s  in d ic a te d  th a t  the c i s  p -n itr o b e n z o u te  ( 87) 
was r e a c t in g  s im i la r ly  to  th e  c i s  3 , 5-& i2n 'tro b en zo a te  ( 8 4 ) and th a t  
a n a logy  betw een  them i s  p roh ah ly  v a lid *  However, fu r th e r  s tu d ie s  
would he n e c e ssa r y  t o  dem onstrate t h i s  r ig o r o u s ly *
The c i s  P -n itr o b e n z o a te  ( 87) y ie ld .ed  p rod u cts  from "normal" 
and "abnormal" s u b s t i t u t io n  and a m in o ly s is  (T ab le 2 2 , r e a c t io n  l ) *
As w ith  i t s  3 ,5 -d in it r o b e n z o a te  analogue ( 8 4 ) ,  th e  r a t io  ( 67 : 33) 
o f  th e  4-am ine s te r e o iso m e r s  ( 229 5 4 3 ) was not c l o s e l y  p a r a l l e le d  
by th e  r a t i o  (5 0  : 5 0 ) o f  unrearranged  to  rearran ged  a lc o h o ls  
(98  i 99 + 233 + 232) n o r , in  another experim ent was th e  4-am ine  
r a t io  (89  : 11) m irrored  by th e  r a t io  ( 8 l  : 1 9 ) o f  unrearranged  to  
rearran ged  e s t e r s  (T ab le  22 , r e a c t io n  2)* These d i f f e r e n c e s  were 
prob ab ly  due, as h as been  in fe r r e d  fo r  th e  c i s  3 ,5 -^ in itr o b e n z o a te  
( 8 4 ) ,  t o  th e  d i f f e r i n g  r e a c t io n  r a t e s  o f  th e unrearranged  and 
rearran ged  e s te r *
b* C o n c lu s io n s
The c i s  3 ,9 -d in i t r o b e r z o a te  ( p4 ) has been shown to  r e a c t  w ith  
n in e r id in e  by 5^2* r e a c t io n *  The s te r e o c h e m istr y  o f  t h i s  r e a c t io n  
was shown to  be syn and any p o t e n t ia l ly  "a n t i  3TT2 1" product was 
s a t i s f a c t o r i l y  accounted  fo r  by a lt e r n a t iv e  pathw ays. I n s u f f i c i e n t  
ev id e n c e  was obtained, fo r  th e  c i s  ?—n itr o b e r z o a te  ( 8 7 ) but a l l  tne  
a v a ila b le  d ata  showed i t s  behaviour to  be s im ila r  to  the c i s
3 ,5 -& in itr o b e n z o a te  ( 8 4 ) •
7 0
T ab le  2 3 .  R a te s  o f  f o r m a t io n  o f
c j r  amine _(?29) from c i s  6 - e s t e r  (8 4 )
"b* tr a n s  / - m i n e  ( / ? )  from tr a n s  6 - e s t e r  ( 85 )
a . c i s  4-am ine ( 229) b . tr a n s  4 -am ine ( 4 3 )
C o n c e n tr a t io n I n i t i a l
r a te
-1  -1  h .
1: = r a te  
co n sta n t
1 . r r V 1
C o n c en tra tio n I n i t i a l
r a te
i - . i r ’-hr1
k = r a te
c o n sta n t  
- i  -1
1 .!•?. *h.
0xS if
T * r .
n ip
>*•
m -xyl
/ ,1‘
2  s t  
rm.
p ip
p i .
n -x y l
j i l .
10
5
10
9
9
* •5
100
100
100
2 . 33x l 0“ 3 
1 .1 7 x l0 “ 3 
1 . 12::10~"3
7 .OOnlQ-3  
7 .0 3 x l0 ” 3 
6 .73^:10“ 3
10
5
10
Q
9
4 .5
100
100
100
2 . 04--10*"3
0 .9 6 x10“3
1 .0 3 x10~3
6.13::10” 3 
5 . 78-IO ’”3 
6 , 19r l 0 ’"3
R a tio  = k . /k .  = 1 .1 3c i s 7 tr a n s
E st = 6 - is o p r o p y l  c y c lo h e x -2- e n - l - y l  3 >5""6.in itr o b e n so a .te  ( 8 4 > 8 5 ) 
p ip  = p ip e r id in e '  
n -x y l = m -xylen e
' i n u r e  2 3 b .  K i n e t i c  o r d e r  o f  t h e  r e a c t i o n  o f  t r a n s  6 - e s t e r  ( 85)
v r i th  p im r ic ir .e  to  nroduce t rans / - m i n e  ( / 3 )  : 
v a r ia t io n  in  th e  c o n c e n tr a t io n  o f  tr a n s / - m i r e  (4 3 )  
ihith t i n e .
tra.no / —m in e
6 0 -
4 0 '
3 0 “
2 0 -
10 -
I’ime (h )5 15 2010
I n i t i a l  c o n c e n tr a t io n s  o f  r e a c ta n t s  [jtrans 6 - e s t e r ]  Jp ip erid in eJ  
( l? 3 °C ; n - r y ie n e ,  10O pl. )  nn* j j l .
r e a c t io n  1 10 9
4 .5r e a c t io n  2 10
r e a c t io n  3 5
ex p r e sse d  as  f ?  o f  th e  in t e r n a l  stand ard  (n.C
2 0  42
F ir u r e  2 ? a .  IT in e t ic  o r d e r  o f  t h e  r e a c t i o n  o f  c i s  6 - e s t e r  (3/1)
id th  p io ^ r id in e  to  produce c i s  4-nm ire ( 229 ):  
v r r ia t io n  in  th e  c o r .c e n tr a ti on o f  c i s  4 -n r in e  ( 229) 
uith . t im e .
c i s  A -m in e
40 “
20  -
10  -
5 10 20 Time (10
I n i t i a l  c o n c e n tr a t io n s  o f  r e a c ta n t s  [c i s  6 - e s t e 0  jo in e r id in e ]
(123°C 5 r.-:prlene? lOOyjl.) mg. j j l .
r e a c t io n  1 10 9
r e a c t io n  2 5 9
r e a c t io n  3 10 4*5
e x p r e sse d  as £  o f  th e  in t e r n a l  stan d ard  (n.C_' 20 42
p . R ea ctio n  k in e t i c s
The co m p lex ity  o f  th e  r e a c t in g  system  (F iyu re  8) hampered 
k in e t ic  a n a ly s is  o f  the- r e a c t io n s  o f  th e  e s t e r  su b stra /tc s  (8 4 , 8 5 ) 
w ith  p ip e r id in e  and a l l  a ttem p ts to  o b ta in  r a te  d ata  by fo l lo w in g  
th e  r e a c t io n  cou rse in  a s in y le  experim ent f a i l e d .
However, by perform ing  r e a c t io n s  w ith  d i f f e r e n t  i n i t i a l  
c o n c e n tr a t io n s  o f  substrcates ( 8 4 , 8 5 ) and p ip e r id . in e ,k in e t ic  
in fo r m a tio n  was o b ta in ed  fo r  th e  syn "abnormal” s u b s t i t u t io n  (3^ 2*) 
and a m in o ly s is  r e a c t io n s  (P iy u r e s  23 , 2 4 ,T able 2 3 )•
The r a t e s  o f  fo rm a tio n  o f  c i s  4-am ine ( 229) from c i s  6 - e s t e r  
(8 4 )  and tr a n s  4-am ine (4 3 )  from tr a n s  6 - e s t e r  ( 85 ) were dependent 
upon th e  c o n c e n tr a t io n s  o f  s u b s tr a te  and p ip e r id in e  and w ere, 
t h e r e f o r e ,  d e s ig n a te d  as Sjj2* (Pimure 23 , T able 2 3 )•  The k in e t i c  
order o f  th e  r a t e s  o f  form a tio n  o f  tr^ n s 4-am ine (4 3 ) from c i s  
6 - c s t e r  ( 8 4 ) and c i s  4-am ine ( 229) from tr a n s  6 - e s t e r  ( 85 ) c o u ld  
n ot be determ ined  b ecau se  th ey  were not formed by a d ir e c t  p r o c e s s  
(F ig u r e s  1 8 , 22) and b ecau se o f  in c r e a se d  in a ccu ra cy  in  t h e i r  
e s t im a t io n  r e l a t i v e  to  th e  major r e a c t io n  p r o d u c ts .
Prom th e  cu rv es shown (P iy u re  23) i n i t i a l  r a t e s  fo r  th e  syn  
Sjj2* r e a c t io n s  o f  th e  c i s  and tr a n s  s u b s tr a te s  were c a lc u la te d  
(T ab le  2 3 ) .  A lthourh  th e  accuracy  o f  th e se  m easurem ents must be 
s u sp e c t  s in c e  i t  proved  im p o ss ib le  to  e s t a b l i s h  th e  GLC resp o n se  
f a c t o r s  o f  th e  am ines in  r e la t io n  to  th e  hydrocarbon in te r n a l  
stand ard  em ployed, t h e ir  u se  i s  j u s t i f i e d  fo r  com parative p u r p o se s ,  
s in c e  th e  c i s  and tr a n s  4-am ines ( 2 2 9 , 43) w i l l ,  v e r y  p ro b a b ly , 
have th e  same GLC resp o n se  f a c t o r s .
T h u s,th e  c i s  6 - e s t e r  ( 84) was seen  to  r e a c t  o n ly  s l i r h t l y  
f a s t e r  th an  i t s  tr a n s  6 -ep im er (§ f .) j  4he r a t io  b e m r
1 .1 3 .
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F i  gure 2 d . Corror.rative stud'* o f  the r r t e s  o f  form ation o f  c i s
and t r m r  6 -a I c c h o ls  ( 0 r ,  99) from r’m in o iy c i s o f  th e
c i s  m& trar.s 6—e s t e r s  ( cd , af?), r r r r c c t i v e l y , hy
r i ’- ie r id in e .
10
R e a c tio n  c o n d it io n s :
2 0 0 -
1*0 -
100 "
15
, o .
20 25 30 Time (h)
123 C; m -r y le n c , 1 0 0 p i •
6 - e s t e r ,  10m y.; p ip e r id in e ,  9 p l
A lthov.fh  r a te  c o n s ta n ts  fo r  -the a m in o ly s is  r e a c t io n s  o f  th e  
, c i s  6 -  tr a n s  6 - e s t e r s  (§ 4 , 6 5 ) co u ld  not be determ ined  because  
o f  • th e  comrle;-: n atu re o f  th e s e  r e a c t io n s ,  e s t im a te  o f  t h e ir  r a t io  
as "h". /  "h" .~ 1 #9 co u ld  be made from com parison o f  th e
C I S  T I V J 1 S
c iirv es  fo r  t h e ir  r a t e s  o f  form ation  (? iy u r e  24)*
7 2
6 • C m o r a l  c one In  ~i o n s .
T h is  stu d y  has shown th a t th e  "abnormal" s u b s t i t u t io n  r e a c t io n s  
o f  c y c lo h e r - 2 - e n - l - y l  e s t e r s  w ith  p ip e r id in e s  a r e , p r o p e r ly ,  
d e s ig n a te d  syn Sjj? 1 , s i n c e : -
1 ,  The r e a c t io n  r a t e s  were p r o p o r tio n a l to  th e  c o n c e n tr a t io n s  
o f  s u b s tr a te  and r e a y e n t .
2# The "abnormal" syn p ro d u cts  d id  not a r is e  by rearrangem ent o f  
th e  s u b s tr a te  or "normal” s u b s t i t u t io n  p r o d u c ts ,
3* The Sj.21 r e a c t io n  occu rred  w ith  syn s te r e o c h e m is tr y  r e g a r d le s s
o f  th e  c o n f ig u r a t io n  o f  th e  s u b s tr a te .
S e v e r a l im p lic a t io n s  r e s u l t  from th e se  f in d in y s -
1 /
1 ,  The c o n c lu s io n  reach ed  by S tork  and White ' i s  con firm ed  
a lth ou gh  th e  ev id e n c e  upon which i t  was based i s  d isp u te d ,
2 ,  The p ro p o sa l made in  th e in tr o d u c t io n  to  t h i s  t h e s i s  ( p ,2 0  )
1 /
th a t  th e  syn  s te r e o c h e m is tr y  ob served  by S tork  and White ' may 
have b een  due to  s t e r i c  h indrance to  a n t i  3^2’ r e a c t io n ,  cau sed  
by th e  tr a n s  6 - a lk y l  yroups (3 9 , 4 0 , 41) must be f a l s e ,  s in c e ,  in .  
th e  c i s  6 - is o p r o p y l e s t e r s  (8 4 , 8 5 ) t h i s  " s t e r ic  h indrance"  has  
been  la r y e ly  rem oved. I t  appears th a t  th e  S^2* r e a c t io n  d o e s ,  
in d e e d , have a s t e r e o e le c t r o n ic  p r e fer en ce  fo r  syn n u c le o p h ile  
e n tr y ,  a t le ? ,s t  in  th e  r e a c t io n s  o f  c y c lo h e n -2 - e n - l - y l  system s  
vrith p ip e r id in e ,
3* ,The p o s s i b i l i t y  o f  hydroren bondinr betw een incom ing p ip e r id in e
18 26
and d e p a r tin g  an ion  h a s ,  p r e v io u s ly ,  been u sed  ’ to  q u e s t io n  th e
v a l i d i t y  o f  th e  c o n c lu s io n  reached  by Stork  and White, S im ila r ly ,
hydroyen bonding may c o n tr ib u te  to  th e  observed  s te r e o c h e m is tr y  in
th e  p r e se n t  stu d y  but i t  i s  im probable th a t  t h i s  weak in te r m o le c u la r
1 ° 7 ,1 ° 8 ,1 C19fo r c e  would be o f  s u f f i c i e n t  m agnitude '  9 ^  to  be s o l e l y  
r e s p o n s ib le  fo r  t h i s  s t e r e o s e l e c t i v i t y ,  p a r t ic u la r ly  s in c e  no
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Fiyure 25* P o ss ib le  t r a n s i t io n  s t a t e s  fo r  syn 3^2* r e a c t io n .
c i s  6 - e s t e r
Nui Xi
i
\ Z
Mu R XI
, - X
tr a n s  6 - e s t e r
B
Mu
-R , ' X
B
R = is o p r o a y l
X = ?• ,5 -d ir .i t r o b e n s o a te
Uu = n in e r id in e
e v id e n c e , \ ; h c ; t s o e v e r ,  f o r  a n ti S7T2 f r e a c t io n  was u n co v ered .
^Indeed i t  has "been shown th a t  hydrogen "bonding i s  not n e c e s sa r y  
fo r  th e r e a c t io n  o f  am ines w ith  a l l y l i c  c h lo r id e s ,  s in c e
a .  no H /d k in e t ic  is o to p e  e f f e c t  was observed  in  r e a c t io n  o f  
oc-ne+hyl a l l y l  c h lo r id e  ( l l )  w ith  Et^IlH and Et^lTI).200 ,201
o  r \ o
h . r e a c t io n s  o f  co-methyl a l l y l  c h lo r id e  ( l l )  w ith  dim ethylam ine
28and t r in e t h y  1 amine were shown to  p roceed  a t  com parable r a t e s .
4# Only a sm all d i f f e r e n c e  in  r e a c t io n  r a te  was ob served  betw een
th e  c i s  and tr a n s  s u b s tr a te s  ( 8 4 , 85) (k  . /k ,  = 1 .1 3 )    — — c i s  tr a n s
s u g g e s t in g  th a t  th e  t r a n s i t io n  s t a t e  geom etry o f  th e  r e a c t in g  p a rt  
(Nu-C-C-C ) o f  th e  two epim ers was s im ila r  i . e .  th a t  th e  c i s  and
tr a n s  e s t e r  groups were both  q u a s i - a x ia l  as in  A or B (F ig u r e  .25)
or both  qua s i - e q u a t o r ia l  o.s in  C . I f  th e  e s t e r  groups in  th e  tvro
epim ers Trere not c o n fo r m a tio n a lly  s im i la r ,  th e  d if f e r e n c e  in  t h e ir
r e a c t io n  r a t e s  would be much g r e a te r  s in c e  i t  i s  known th a t  th e
r a t e s  o f  d isp lacem en t, o f  q u a s i—a x ia l  and q u a s i - e a u a to r ia l
6 5 ,0 9s u b s t i t u e n t s  s u b s t a n t ia l ly  d i f f e r .
I n  t r a n s i t i o n  s t a t e s  B and C, s t e r i c  h in d ran ce  to  syn S^2* 
r e a c t io n  trould be c o n s id e r a b ly  g r e a te r  fo r  th e  c i s  than  f o r  th e  
tr a n s  e s t e r s ,  th e  form er p o s s e s s in g  c u a s i - a x ia l  is o p r o p y l groups  
which vrould in t e r f e r e  w ith  th e  syn approach o f  n u c le o p h ile .
Such t r a n s i t i o n  s t a t e s  w o u ld ,th e r e fo r e , be e x p ec te d  to  ca u se  a 
r a te  d e c r e a se  on g o in g  from tr a n s  to  c i s ,  w hereas th e  o p p o s ite  i s  
o b serv ed . When th e  C-0 bond i s  qua s i - a x i a l ,  how ever, a s  in  A,
s t e r i c  h in d ran ce  to  syn approach o f  th e  n u c le o p h ile  vrould be
s im ila r  f o r  c i s  and tr a n s  e s t e r s .  The ob served  r a te  in c r e a s e  in  
g o in g  from tr a n s  to  c i s  can th en  be ascribed , to  co n fo rm a tio n a l
f a c t o r s ,  n o ta b ly  to  th e  degree o f  overlap- betw een  th e C -0 bond
6d 99
and th e  ir -system  b e in g  more fa v o u ra b le  ' *  in  th e c i s  c a s e ,  where
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th e  i s o -propyl group i s  eq u a to r ia l,*  than in  th e  t r a n s ,  where th e
.a r ia l  iso p r o p y l group w i l l  d i s t o r t  th e  geom etry , ca u s in g  th e  C-C
"bond to  he tw is te d  fu r th e r  out o f  th e  p lan e  o f  th e  Tf-system  th an
in  th e  c i s  e s t e r .  Thus th e  syn S.T2* r e a c t io n  a r r e a r s  to  o ro ce ed    —  u
v i a  a t r a n s i t i o n  s t a t e  (A) in  which th e  C-0 hcnd has a t ta in e d  
marimum p o s s ib le  c o p la n a r ity  w ith  th e  tr -system , in  c o n tr a s t  'to  
S tork  and VJhite’ s p rop osa l" ^  th a t  C was th e  favou red  t r a n s i t i o n  
s t a t e  fo r  r e a c t io n  o f  th e  2 ,6 -d ic h lo r o b e n z o a te s  (3 9 , 4 0 , 4 l ) .
5« T h is  sttid y  adds fu r th e r  to  th e  fla m es o f  c o n tr o v e r sy  reg a r d in g  
th e c o n c e r te d n e ss  o f  th e  STT2 f r e a c t io n .  The dem onstrated  
s t e r e o s e l e c t i v i t y  ( s t e r e o s p e c i f i c i t y ? )  o f  th e  p r o c e s s  i s  in d ic a t iv e  
o f  a c o n c e r te d  p r o c e s s  in  which b ond-break ing  a t  C* i s  a s s i s t e d  by 
bond-m aking a t  Cg• T hus, th e  c y c lo h e r - 2 - e n - l - y l  system s s tu d ie d  
appeared to  rea,ct vjith p ip e r id in e  by th e  c l a s s i c a l  c o n c e r te d  8^2 * 
mechanism r a th e r  th an  by th e  io n -p a ir  a l t e r n a t iv e  proposed  by
c* 61 , _ . - -48,203,204,205,206Sneen and B ord w ell.- 7 7 7 7
6 .  F i n a l ly ,  th e  syn  s te r e o c h e m is tr y  ob served  in  t h i s  stu d y  o f
th e  S,t2* r e a c t io n  co n firm s th e  u r e d ic t io n s  made by th eo re tica -1  N
s t u d i e s .^ * ^ * ^ 9 , 8 0 , 8 5 , 8 6 , 8 7 ,91  j n p a r t ic u la r  t h i s  stu d y  h as shown
t h a t , f o r  a n e u tr a l n u c le o p h ile ,  th e  s te r e o c h e m is tr y  o f  th e  SjT2*
o i
r e a c t io n  i s  sy n , as su g g este d  by Y a te s , E p io t is  and B ern a rd !,' 
on th e  b a s i s  o f  q u a n t i t a t iv e  c a l c u la t io n s .  F u rth er stu d y  u s in g  
a charged  n u c le o p h ile  would be welcomed as a means o f  t e s t in g  
t h e i r  p r e d ic t io n  t h a t ,  in  th a t  c a s e ,  a n t i  s te r e o c h e m is tr y  i s  
fa v o u red .
r y r  p p n j  T'T^rrrj _
P a r t  A . S y n t h e s i s  o f  a l l y l i c  e s t e r s ,
1 ,  I  n strum.cnt a t i  on . P* 78
8 . P re p a r a tio n  o f  s u b s tr a te s  fo r  B irch  r e d u c tio n  p ,  79
a , 2- a lk y l  a n i s o le s .
b . 2- a lk y l  a n i l i n e s ,
3 . B irch  r e d u c tio n :  p rep a ra tio n  o f  6- a lk y l  c y c lo h e x -2 -e n - l -o n e s
a . G eneral m ethod. p # 85
b . 6 -m eth y l c y c lo h c x -2- e n - l - o n e  ( 93 )
c ,  6- is o p r o p y l  c y c lo h e x -2- e n - l - o n e  ( 94)
d , 6 - t e r t . b u t y l  c y c lo h e x -2- e n - l - o n e  ( 95 )
4# R ed u ction  o f  6- a lk y l  c y c lo h e x -2 -e n - l-o n e s ;  p r e p a r a tio n
o f  6- a lk y l  c y c lo h e x -2- e n - l - o l s . p .  95
a . G eneral m ethods.
b# 6-m eth y l c y c lo h e x -2- e n - l - o l s  ( 9 6 , 97 )
c .  6- is o p r o p y l  c y o lo h e x -2- e n - l - o l s  ( 98 , 99)
d . 6 - t e r t .b u t y l  c y c lo h e x - 2 - e n - l - o l s  (lOO, 101)
P re p a r a tio n  o f  model compound fo r  e s t e r i f i c a t i o n  r e a c t io n ;
3 , 5 ,5 - ' t r i Tne'khyl c v c lo h e x - 2 - e n - l - o l  ( 172) p .  103
6 .  E s t e r i f i c a t i o n .  p .  104
a . 2 ,6 -d ic h lo r o b e n s o a te s
b . o th er  e s t e r s
P art 3 .  S y n th e s is  o f  a u th e n tic  N -(a lk y l c y c lo h e x y l)  p ip e r id in e s .
1 .  H yd royenation  o f  a lk y l  p h en o ls
2 . P r e p a r a tio n  o f  a lk y l  cyclohexanoneS
P* 124  
P* 125
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3 .  LAH r e d u c t i o n  o f  alley 1 cycloheocanories. p .  127
4* S e ln c tr id e  r e d u c tio n  o f  a l]:y l cyclohom anones. p .  129
5# P r e p a r a tio n  o f  a lk y l  C7;rc lo h e :ty l to lu e n e -p -c u lp h o n n te s  p . 132
6 .  S o lv o ly s i s  o f  to lu e n e -p -s u lp h o n a te c ;  p r e p a r a tio n  o f
IT—( a lk y l  c y c lo h e r y l)  p ir ^ r id ir e s  p .  136
P art C. R e a c tio n s  o f  6 - is o p r o n y l c y c lo h e r - 2 - e n - l - y l  
e s t e r s  vrith p ip e r id in e .
1 .  G eneral m ethods. p* 140
a . R e a c t io n s  in ' th e  absence o f  s o lv e n t .
b . R e a c tio n s  in  m -ry lene s o lu t io n .
2 .  A n a ly s is  o f  p ro d u cts  an d •s u b s tr a te s .  p# 141
a . P r o d u c ts .
b . S u b s tr a te s .
3 .  R e s u l t s .  . p .  144
a .  Product d is t r ib u t io n  and e s t e r  co m p o sitio n  
d u rin g  r e a c t io n .
b .  I s o m e r is a t io n  o f  s u b s tr a te s .
c .  I s o m e r is a t io n  o f  p r o d u c ts .
d . R e a c tio n  o f  tr a n s  4 - is o p r o p y l c y c lo h e r .-2 - e n - l -y l
3 ,5 -d in i t r o b e n z o a te  (242 ) w ith  p ip e r id in e .
4* K in e t ic  s t u d ie s .  P*
a . G eneral m ethod.
b .  R e s u l t s .
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1 .  I n s t r u m e n t a t i o n .
I'.p# d e te r m in a tio n s  were made u s in g  a K o fle r  h o t - s ta g e
apparatus# I # r .  s p e c tr a  were record ed  on a Pye-Unicam SP10C0
or P erk in -E lm er 257 sp ectrop h otom eter#  U n le s s  othervn.se
s t a t e d ,  th e  v a lu e s  r e p o r te d  r e f e r  to  l iq u id  f i lm s#  II.m .r .
s p e c tr a  were rec o rd ed , f o r  s o lu t io n s  in  CC1 w ith  l i e .S i  as
4 4
in te r n a l  stan d ard , v iith  a V arian  T60 or HA1C0 sp ectrom eter#
U n le s s  o th e r w ise  s t a t e d ,  th e  v a lu e s  rep o rted  r e f e r  to  th e  ?60  
13machine# J' C N.nwr# sp e c tr a  were o b ta in ed  on a V arian  XL100 
in stru m en t u s in g  CDCl^ s o lu t io n s #  Hass s p e c tr a  (M .s#) were 
determ ined  w ith  an A .E # I . IIS12 in s tr u m e n t‘or an LKB 9 0 0 0  g . l . c .  
l in k e d  mass sp ectrom eter#  T . l . c .  was perform ed on Uerck  
s i l i c a  g e l  60 ^ 2 5 4  -^ay e r s  ( 0 «25 n^m« th ic k  f o r  a n a ly t ic a l  
p u rp o ses; l#Omm# t h ic k  fo r  p . l . c # ) .  S i lv e r  n i t r a t e -  
im pregnated  s i l i c a  la y e r s  were prepared  "by u s in g  a s lu r r y  o f  
12#5£ , hy w e ig h t , o f  AglTO^  in  s i l i c a  g e l  60# • A n a ly t ic a l  g . l . c ' .  
was perform ed on a P erk in -E lm er F l l  or Pye-Argon chrom atograph  
and p r e p a r a t iv e  g . l . c #  was accom p lished  u s in g  a Pye S e r ie s  105 
chrom atograph. Peaks are i d e n t i f i e d  "by t h e ir  r e t e n t io n  tim e  
( H .t )  in  m in u tes , or hy t h e ir  r e t e n t io n  in d ex  ( R . i . )  r e l a t i v e  
to  n .a lk a n e  s ta n d a r d s . A ll  o rgan ic  e x tr a c t s  were washed to  
n e u t r a l i t y  hy a p p ro p r ia te  a c id ic  or h a s ic  trea tm en t b e fo r e  
h e in g  d r ie d  over IlgSO^, ITa^SO^, or UagCU^* U n le ss
o th e r w ise  s t a t e d ,  o c t r o i  r e f e r s  to  th a t  f r a c t io n  o f  p etro leum  
ether" w hich h o i l s  a t 60—80°C •
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2 .  P r e p a r a t i o n  o f  s u b s t r a t e s  f o r  B ir c h  r e d u c t i o n .
a .  2 ~ a lk y l  a n i s o l e s .
D im ethyl s u lp h a te  was p u r i f i e d  by washing w ith  w ater  and 
d i l u t e  ITagCO ,^ and d i s t i l l e d ,  b .p .  78-79°C/40nun. To a r a p id ly  
s t i r r e d  m ixture o f  th e  ap p ro p r ia te  2 - a lk y l  p h en o l ,  NaOH ( 1 .1  
e q u i v a l e n t s ) ,  and w ater (4m l. per l g .  o f  ph en o l)  i n  a t h r e e ­
necked f l a s k ,  Me^SO  ^ ( 1 . 0  e q u iv . )  was added over l h .  The 
m ixture was th en  r e f lu x e d  f o r  2 4 h . ,  c o o le d ,  and e x t r a c te d  w ith  
e t h e r .  T h is  e x t r a c t  was washed w ith  d i l u t e  and w a ter ,
d r ie d  over  MgSO^, and evap ora ted  t o  g iv e  crude p ro d u ct ,  p u r i f i e d  
by d i s t i l l a t i o n  and chromatography.
( i )  2 - i s o p r o p y l  a n i s o l e  (89 )
M e th y la t io n  o f  2 - i s o propyl phenol (102; 50g . )  gave 5 2 . 0 g .
( 9 4 %  y i e l d )  o f  2 - i s o p rop y l a n i s o l e  (89 )?  b .p .  79“80°C/28mm.
I . r .  1250cm~^ (s., v a r y l - 0 - a l k y l )
N .m .r .  (1001H z.)  £ 7 * 0 1  (4H, complex) arom atic  H
3 .7 8  (3H, s )  0CH3
3.35 (1H, s e p t e t ,  J = 6 .5 H z .)  (C H ^C H
1 .2 3  (6H, d ,  J = 6 .5H z.)  (CH3 ) 2CH
T . l . c . %  e t h y l  a c e t a t e :  p e tro l?  R . f .  O.5 8
G . l . c .  1 » 5 %  QF1$ 80°Gj n i t r o g e n  1 5 p * s . i . ,  R . t .  3 .2  n in .
( i i )  2 - t e r t . b u t y l  a n i s o l e  (90)
M e th y la t io n  o f  2 - t e r t . b u t y l  phenol (103? 150g . ) g a v e ,  a f t e r  
a d d i t io n  o f  a fu r t h e r  two e q u iv a le n t s  o f  I-^SO^ and r e f l u x i n g  fo r  
a f u r t h e r  72h . .  132g . o f  product shown t o  be a m ixture o f  th e
d e s ir e d  product ( 9 0 ) and s t a r t i n g  m a te r ia l  (1 0 3 )•
A ttem pted s e p a r a t io n  by d i s t i l l a t i o n  was u n s u c c e s s f u l ,  a s  th e  
p ro d u cts  c o - d i s t i l l e d .  S im i la r ly  u n s u c c e s s fu l  were a t te m p ts  to
s e p a r a te  th e  p ro d u cts  by ether/NaOH e x t r a c t i o n .
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Chromatography on a sh ort  column o f  Grade 1 b a s ic  alumina  
^with CHCl^ as  e lu a n t  sep a ra ted  th e  p ro d u cts ,  g iv i n g  llOg. ( 6 rJ% 
y i e l d )  o f  2- t e r t . b u t y l  a n i s o l e  ( 9 0 ) .
I_*r. 1240cm 1 ( s ,  v a r y l - 0- a l k y l )
f f .m .r . 7*0 (4H, complex) arom atic  H
3 .8  (3H, s )  OCH^
1 .4  (9H, s )  ^ 3 ) 3°
M .s . M+ a t  m/e 164 .
T . l . c . %  e t h y l  a c e t a t e :  p e t r o l ,  R . f .  O.5 8
G.l.c. Capillary Carbowax 20K; 160°C; nitrogen lOp.s.i.
R . t .  0 . 4  rain.
b. 2-alkyl anilines.
(i) 2-tert.butyl aniline (91)
Step  1 .  P re p a r a t io n  o f  2 , 4 - d i n i t r o  t e r t . b u t y l  benzene ( 1 0 5 ) 
N i t r a t i o n 1^  o f  t e r t . b u t y l  benzene ( 104; 2 0 g . )  gave 25*7g.  
o f  a p a le  y e l lo w  o i l .
I . r . (cm*"1 ) 1530 , 1350 ( s ,  v  aryl-h70 2 )
T . l . c .  50^ o e t h y l  a c e t a t e :  ch loroform , R . f .  0 .8 0
3 %  e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 . 6 5 ,  0 .41?  0 . 2 4 .
G.l.c. 1% SE30; 120°C; nitrogen 15p.s.i. R.i. (^ )
1310 ( 4 ) ,  1375 ( 3 ) ,  1415 ( 7 0 ) ,  1555 ( l ) ,  1625 ( 2 0 ) ,
1700 ( 2 ) .
S e p a ra t io n  by p . I . e .  gave th r e e  f r a c t i o n s  (5 f  e t h y l  a c e t a t e :  
p e t r o l ) .
I . r .  a s  above f o r  each f r a c t i o n .
N .m .r . (100MHz) F r a c t io n  1 . ( R . f .  O.6 5 , R . i .  1415) Hg
Be
(c h 3 j . c
F r a c t io n  2 .  ( R . f .  0 . 4 1 . - R . i .  1625)
8 .2 8  (1H, d o f  d, J=9H z., 2Hz.)
8 .2 2  (1H, d , J=2H z.)
7 .8 2  (III, d ,  J=9Hz.)
1 .4 6  (9H, s )
F r a c t io n  3 . ( R . f .  0 . 2 4 ,  R . i .  1700)
7 .9 2  (1H, d, J=9Hz.) Ha
7 .8 8  (1H, d , J= 2H z.) K
7 .8 5  (1H, d o f  d , 6=9H z.,  2Hz.)
1 .4 2  ( 9ii, s )  (c h ^ )3c
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R e - n i t r a t io n  o f  th e  remainder o f  th e  product m ixture a t  a 
h ig h e r  tem perature (5 5 °c ) over a lo n g e r  tim e (2h )  was f o l lo w e d  
"by s t i r r i n g  a t  room tem perature f o r  48h during which t im e th e  
cou rse  o f  r e a c t io n  was m onitored  "by g . l . c .
G . l . c .  1% SE30$ 120°C; n i t r o g e n  1 5 p . s . i .
R. i . 1310 1375 1415 1550 1625 1700
o r i g i n a l  m ix. % 4 3 70 I1 20 2
r e - n i t r a t e d % - 1 31 1 60 7
a f t e r  24h <SL - - 12 1 79 8
a f t e r  48h % ■ — — 9 1 82 8
W ork-up^^ g a v e ,  a f t e r  r e c r y s t a l l i s a t i o n  from m ethanol,
1 6 . 5 g .  (5050 y i e l d )  o f  2 , 4 - d i n i t r o  t e r t . b u t y l  benzene ( 1 0 5 ) ,  
m .p. 6 l-62°C  (as l i t e r a t u r e ^ ^ ) •
R e p e t i t i o n  o f  th e  r e a c t io n  u s in g  th e  more f o r c i n g  c o n d i t i o n s ,  
d e s c r ib e d  above, on f r e s h  t e r t .b u t y l  benzene ( 1 0 4 ; 5 0 g . )  gave  
5 2 . 8g .  ( 64^ y i e l d )  o f  2 , 4 - d i n i t r o  t e r t . b u t y l  benzene ( 1 0 5 ) ,  
m .p. 6 l -6 2 ° C .
I . r . ,  IT.rn.r., T.l.c., G.l.c. as f o r  fraction 2 ,  above.
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S t e p  2 . P r e p a r a t i o n  o f  2 - n i i r o - 4 - a m i n o  t e r t ." b u t y l
. "benzene ( l 06 ) .
R ed u ction 1^  o f  2 , 4 - d i n i t r o  t e r t .b u ty l  "benzene (105; 4 6 g . )  
gave 28g .  ( 72^ y i e l d )  o f  2- n i t r o —4—araino t e r t . b u t y l  benzene ( 1 0 6 ) ,  
m.p. 5 7 * 5 -5 8 .5 °0  ( l i t e r a t u r e  m.p. 5 8 . 5“5 9 . 0 °C1^ ) •
^«r » ( crn *) 3510 , 3420 (m, vR-H, p r im a ry ) ,  1530 , 1370
( s , v  a ry l-K 0 2 )
F .m .r . (lOOKHz.) 6 7-25  ( lH , d , J=9Hz.)
6 .6 7  ( lH , d o f  d , J=9H z . ,  3H z.) Hg
6 .5 4  ( lH ,  d, J=3Hz.)
3 .5 6  (2H, broad s ,  D^ O e x c h . )
1 .3 4  (9H, s )  (OH3 ) 3C
T . l . c . 50/c e t h y l  a c e t a t e t  p e t r o l ,  R . f .  C .56 .
Step  3 .  P re p a r a t io n  o f  2 - n i t r o  t e r t . b u t y l  benzene ( 1 0 7 ) .  
R ed u c t iv e  d eam ination1^  o f  2 -n it r o -4 -a m in o  t e r t .b u t y l  
benzene ( 1 0 6 ; 21g . )  gave 1 1 . 8g .  ( 6 l^  y i e l d )  o f ' 2- n i t r o  t e r t . b u t y l  
benzene ( 107)9 b .p .  33- 34°C /0 . 08mm.
I . r . (cm- 1 ) 1540 , 1380 ( s , v a r y l - K 0 2 )
N .m .r . (lOOMHz.) 6 7*40 (4H, complex) arom atic  H
1 .4 4  ( 9H, s )  (CH3 ) 3C
T . l . c . %  e t h y l  a c e ta te s  p e t r o l ,  ■R.f'. 0 .59*
G . l . c . 1$'SE30; 100°C; n i t r o g e n  1 5 p . s . l . ,  R . t .  6 .2  min.
S tep  4 .  P re p a r a t io n  o f  2 - t e r t . b u t y l  a n i l i n e  ( 9 1 ) ,  
R ed u c t io n 10  ^ o f  2 - n i t r o  t e r t . b u t y l  benzene (107; 1 2 . 7 g . )
gave 7 . 9 g .  (755- y i e l d )  o f  2 - t e r t . b u t y l  a n i l i n e  ( 9 l ) *  b .p .  1 1 1 -  
112°C/20mm.
I . r . (cm- 1 ) 3520 , 3A20 (w, v!I-H, p r im a ry ) ,  1310 ,  1270
(m, -vC—IT).
■N.m.r. 6 7 . 0  (4H, com plex) arom atic  H
8 2
3 .8  (2H, 'bror.d s ,  B„0 p x ch .)
1 .5  (95T, s )
m 2
(ch3)3c
T . l . c . 57- e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .2 0 .
G . l . c - . l f/  SE30; 75°G; n i t r o g e n  1 5 p . s . i . ,  R . t .  6 .6  min.
( i  i  ) N, N -di methy1 2 - t e r t . b u t y l  a n i l i n e  ( 9 2 ) .
Method 1; fo r m y la t io n  /  r e d u c t io n .
Formaldehyde (3 m l . ,  35mmol., 37“40^ Ana.laR) was added w ith  
shaking  t o  a s o l u t i o n  o f  2 - t e r t .b u t y l  a n i l i n e  ( 915 468m g., 3mmol.) 
i n  AnalaR methanol ( lO m l . ) ,  The s o lu t io n  was r e f lu x e d  f o r  30 
m inutes  and a llow ed  t o  c o o l .  Then, RaBH  ^ (400mg.) was added 
over  Ih  a t  room tem p era tu re .  The r e a c t io n  m ixture was 
evap ora ted  to  d r y n e s s ,  and th e  product taken  up in  CH^Cl^, d r ie d  
over  MgSO  ^ and evap orated  to  a y e l lo w -r e d  o i l  which appeared t o  
be a m ixture o f  th e  in te r m e d ia te  im ine ( 2 4 5 ) ,  mono- ( 2 4 6 ) ,  and 
d i-N -m e th y la te d  2 - t e r t . b u t y l  a n i l i n e s  ( 9 2 ) .
1 . r . (crrT*) 3520 (w, -v!T-H, seco n d a ry ) ,  1660-1630  (w, 
vC=N)
N .m .r . &7*2 (4H, complex)
5 .2  (2H, s )
1 .5  (9H, s )
arom atic  H
o th e r  s i g n a l s  observed  a t
4 . 8  (broad s )  NH
3 .2  (d ,  J=6H z.) CH  ^ o f  NHCH^
and 3 .2  ( s )  CJ3 o f  F(CH3 ) 2
NHMe
246
M .s. M+ a t  m/e l 6 l ,  163 corresp on d in g  t o  compounds 245 and 
2A 6 f  r e s p e c t i v e l y .
T . l . c .  5 f  e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .1 3  (w ) ,  0 .3 7  ( s ) ,
0 .5 5  (w ) .
G . l . c .  Vf>  SE30; 70°C; n i t r o g e n  1 5 p . s . i . ,  R . t .  ( $ ) r 4 .6  ( 8 0 ) ,
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NR2
6
247 R = K
249 R = He
N^CH2
248
4
7 .1  ( 1 0 ) ,  9 .2  ( 1 0 ) .
Because o f  th e  d i f f i c u l t i e s  encountered  above, th e  r e a c t io n  
sequence was r e p e a te d  u s in g  a n i l i n e  (247$ 280mg., 3mmol.) a s  a 
model compound. P u r i f i c a t i o n  o f  th e  product m ixture hy p . l . c .  
( 50f  e t h y l  a c e t a t e s  p e t r o l )  gave a y e l lo w -r e d  o i l ,  a p p a ren t ly  
c o n ta in in g  th e  in te r m e d ia te  im ine ( 248)' as major p ro d u ct .
I . r .  no vN-H
N .m .r .  & 7 .1  (5H, centrosym m etric  m u l t ip le t )  arom atic  H
4 . 9  (2H, s )  N=CH2
T . l . c . 50^ e t h y l  a c e ta te s  p e t r o l ,  R . f .  0 . 8 l
106Method 2; d i r e c t  m e th y la t io n .
An a l t e r n a t i v e  N ,N -d im eth y la t io n  procedure was th en  t e s t e d  
on th e  model compound, a n i l i n e  (247)*  On trea tm en t'* ^  w ith  
m ethyl io d id e  (2  e q u i v a l e n t s ) ,  N ,N -dim ethyl a n i l i n e  (2 4 9 )  was 
o b ta in e d  and shown to  he i d e n t i c a l  t o  an a u th e n t ic  sam ple.
M eth y la t ion '1' ^  o f  2- t e r t .b u t y l  a n i l i n e  (91$ 6 . 4 g . )  "by t h i s  
method gave 5*8g . (76/' y i e l d )  o f  N ,N -dim ethyl 2 - t e r t .b u t y l  a n i l i n e  
( 9 2 ) ,  b .p .  110-111°C/32mm.
I . r .  no yN-H
N .m .r .  (lOOKHz.) & 7 .2 1  (4H, complex) arom atic  K
2 .5 9  (6H, s )  Jr(c H3 ) 2
1 .4 9  (9H, s )  (CS 3 ) 3C
M.S. M+ a t  m/e 177? a l s o ,  peaks a t  m/e 162 (M-15) and
m/e 147 (M—3 0 ) ,  l in k e d  by m eta s ta b le  a t  m/e 1 3 4 .
T . l . c .  5 f  e t h y l  a c e t a t e *  p e t r o l ,  R . f .  0 .4 0
G . l . c .  If: SE30$ TO°C; n i tr o g e n  1 5 p . s . i . ,  R . t .  4*4 n in .
84
' 3 .  B ir ch  r e d u c t io n ; 110 pr e p a r a t io n  o f  6 - a l k y l  o y c l o h e x - 2 - e n - l - o n e s . .
a .  G eneral method.
The a p p ro p r ia te  a n i s o l e  or a n i l i n e  (5 g * )  was d i s s o lv e d  in  a 
m ixture o f  te tra h y d r o fu r a n  (THF, 4 0 m l . ) ,  t e r t . b u t a n o l  ( 4 0 m l . ) ,  and 
l i q u i d  ammonia (2 0 0 m l . ,  f r e s h l y  d i s t i l l e d  from sod ium ). The 
m ixture was s t i r r e d  v ig o r o u s ly  in  a th r e e -n e c k e d  f l a s k  f i t t e d  w ith  
an a c e t o n e / d r y - i c e  co n d en ser .  Lithium  ( l . 4 g . )  was added over  l h .  
A fte r  a f u r th e r  l h . ,  e th a n o l  was c a u t io u s ly  added t o  d isc h a r g e  th e  
B lue c o l o u r .  Petroleum  e th e r  and water were th en  added and th e  
o r g a n ic  l a y e r  was r a p id ly  s e p a r a te d ,  washed w ith  "brine, d r ie d  over  
KgSO^, and evap orated  t o  y i e l d  th e  in te r m e d ia te  en o l e th e r  or  
enamine. A n a ly s is  o f  th e  product m ixture was fo l lo w e d  "by 
r e f l u x i n g  o f  th e  m ixture i n  d i l u t e  HC1, u n t i l  h y d r o ly s i s  o f  th e  
in te r m e d ia te  was com plete  (d eterm ined  "by g . l . c . ) .  The r e s u l t i n g  
k e to n ic  product was i s o l a t e d  hy e th e r  e x t r a c t i o n ,  washing w ith  
"brine, d ry in g  over MgSO  ^ and e v a p o r a t io n .  P u r i f i c a t i o n  was
e f f e c t e d  "by a v a r i e t y  o f  methods.
b .  6 -m eth y l c y c l o h e x - 2 - e n - l - o n e  (93 )•
B ir c h  r e d u c t io n  o f  2-m ethyl a n i s o l e  (88 ;  5g*) gave 3*4g . o f
a p a le  y e l l o w  o i l ,  a f t e r  h y d r o l y s i s .
I . r .  (cm"1 ) 3060 (w ,v C -H  a lk e n e ) ,  1720 (m ,-vC =0), 1690
( s ,  vC =0, oc,/}unsaturated), I 65O (w, vC=C).
T . l . c .  5$  e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .0 9
102S e p a r a t io n  o f  t h i s  ex p ec te d  m ixture was attem pted  by th e
102method d ev e lo p ed  by S tork  and W hite.
Thus, trea tm en t o f  th e  k e to n ic  m ixture w ith  p ip e r i d i n e  gave  
3 .4 5 g .  o f  a c i d - s o l u b l e  m a t e r ia l .
I . r .  (cm"1 ) 2790 , 2710 (w, 1/ C-H, oc t o  N)> 1720 ( v s ,  v C = 0 ) ,
1170 , 1130 , 1115 (m, -j/C-N)•
85
D i s t i l l a t i o n  o f  t h i s  product .caused  p a r t i a l  e l i m in a t io n ,  
g iv i n g  3 .1 g .  o f  d i s t i l l a t e  c o n ta in in g  th e  d e s ir e d  enone (93 )*
1 »r  * as above w ith  a d d i t io n  o f  1690cm"1 ( s ,  vC=0 , oc,£  
u n s a t • )
N .m .r .  6 2 .7 -1 * 5  ( l 8H, v ery  complex) CH, CK^
1 .1 2  (30% o f  3H, d , J=7Hz.) )
) CH
1 .0 4  (70% o f  3H, d , J=7H z.) ) ~ 3
p lu s  r e s o n a n ces  ( 21%) f o r  6-m ethyl c y c l o h e x - 2- e n - l - o n e  
( 9 3 ) .
T . l . c . 70% e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 . 0 9 ,  0 . 2 1 ,  O.6 9 . 
G . l . c . 1% SE30; tem perature programme 40-130°C @ 4C °.m in ." 1 
n it r o g e n  1 5 p . s . i . ,  R . t .  (%) 3 .2  ( 2 0 ) ,  28 -32  ( 8 0 ) .
S e p a ra t io n  o f  t h i s  m ixture by p . l j c .  (70% e t h y l  a c e t a t e :  
p e t r o l )  showed th e  spot a t  R . f .  O.6 9  t o  be 6-m ethyl c y c lo h e x -  
2 - e n - l - o n e  ( 9 3 ) .
I . r .  1690cm 1 ( v s ,  -yC=0, cc ,£ u n sa t .)
N .m .r .  (100MHz.) 6 .9 3  ( lH , d o f  t  o f  d, J=10, 4 ,  1H z.)  H
5 .9 5  (1H, d o f  t ,  J=10, 2H z.) Ha q
2 . 5 - 1 . 5  (5H, complex) CH, CH2 Me
1 .1 7  (3H, d , J=6H z.) CH
1 9 3G . l . c . 1% SE30; temp. p ro g .  40-130°C @ 4C °.m in. 5 —
n itr o g e n  15 p . s . i . ,  R . t .  3 .2  min.
102Treatment o f  th e  m ixture o f  p ip e n d in o -c o n p o u n d s  w ith  Kel 
gave a y e l lo w ,  c r y s t a l l i n e  m eth iod id e ,  m.p. 173-175°0  ( l i t . 1^  
m .p. 1 7 4 . 5 - 1 7 5 . 0 °C ).  On b a s e - c a t a ly s e d  e l im in a t io n ,  t h i s  gave a 
p a le  y e l lo w  o i l  shovm, by i . r .  and t . l . c . ,  to  be a lm ost i d e n t i c a l  
t o  th e  o r i g i n a l  k e to n ic  m ixture from Birch r e d u c t io n .
B ir ch  r e d u c t io n  o f  2 -m ethyl a n i s o l e  (885 1 5 g . )  was r e p e a te d  
t o  g iv e  1 3 . 2 g .  o f  a c o l o u r l e s s  o i l . .
8 6
(cm”1 ). 3040 (m, -v C-H, a lk e n e ) ,  1220 , 1160 ( s ,
V a r y l - 0 - a l k y l ) .
N .m .r . $5*6  (2H, broad s )  v in y l  H
3 .5  (3H, s )  OCH^
2 ,7  (4H, broad s )  CH^
1 .6  (3H, s )  ' CH^
p lu s  o th er  n o n -a s s ig n a b le ,  minor r e s o n a n c e s ,
G . l . c ,  Carbowax 20M; 70°C; n it r o g e n  1 5 p . s . i , ,  R . i .  ( $ )
1140 ( 6 ) ,  1200 ( 7 ) ,  1220 ( 1 3 ) ,  1300 ( 7 4 ) .
A cid  h y d r o ly s i s  o f  th e  en o l e th e r  m ixture gave 1 0 . 9g .  o f  
k e t o n ic  m ix tu re .
I . r . (cm 1 ) 1720 (m, v C = o ) ,  I 69O ( v s ,  vC=0 , <x,jBunsat.)
N .m .r .  s i g n a l s  correspon d in g  to  6-m ethyl c y c l o h e x - 2 - e n - l - o n e
(9 3 , s e e  above, & O f0 o f  m ixture)
A ttem pts t o  a n a ly se  th e  rem aining 20^ o f  im p u r ity
s i g n a l s  by double i r r a d ia t io n  vrere n o n - in t e r p r e t a b le ,  
G . l . c . V f )  QF1; 50°c ; n i tr o g e n  l ^ p . s . i . ,  R . i .  (£ )  1170 ( 2 ) ,
1210 ( 1 5 ) ,  1240 ( 5 ) ,  1290 ( 7 8 ) .
2 $ .  Carbowax 20M; 70°C; n i tr o g e n  1 5 p . s . i . ,  R . i .  (^)
1140 ( 2 ) ,  1290 ( 5 ) ,  1330 ( 1 5 ) ,  1400 ( 7 8 ) .
G . c . - m . s .  R . i .  (M+ ) 1290 ( 1 1 2 ) ,  1330, 1400 (b oth  1 1 0 ) .
U .v .  XEt0H 224nra., ( e 7 3 5 0 ) ,  325nm., (a 25)  max.
In  an attem pt to  a l t e r  th e  r a t i o  o f  what were thought t o  be 
co n ju g a ted  and unconjugated  k e to n e s ,  th e  k e to n ic  m ixture was 
r e f lu x e d  f o r  24h. in  d i l u t e  KaOH, G . l . c .  showed th a t  no chanre  
in  th e  r a t i o  was e f f e c t e d .
P r e f e r e n t i a l  e p o x id a t io n 1 1 1 ’ 11  ^ o f  th e  £ ,g en o n e  ( 1 2 5 ) was th en  
attem p ted  by s t i r r i n g  th e  k e to n ic  m ixture (536m g., 4 .9 m m o l .) ,
Na2C0^ (9<3mg., 0 .9 m m o l.) ,  m -ch loroperbenzoic  a c id  (I7 7 m g .,
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1 • Ommol• ,  c a l c u la t e d  as  1*3 e q u iv a le n t s  o f  th e  amount o f  ^ ,g en o n e  
in  th e  k e t o n ic  m ixture) in  dry CH2G12 f o r  22h* The o rg a n ic  la y e r  
was removed, washed w ith  NaHCO^  and b r in e ,  d r ie d  over KgSO^ and 
evap orated  t o  g iv e  402 mg. o f  a y e l lo w  o i l .
I . r . 1760 , 1740 (m, vC = 0 , l a c t o n e ) ,  1720 (w, v C = 0 ) ,  1690  
( v s ,  n/C=0, a , £ u n s a t . )
N .m .r . s i g n a l s  corresp on d in g  to  6 -m ethyl c y c l o h e x - 2 - e n - l - o n e  
p lu s  o th er  n o n -a ss ig n a b le  r e s o n a n c e s .
T . l . c . e t h y l  a c e ta te s  p e t r o l ,  R . f .  0 .0 9  ( v s ) ,  0 .3 7  (w)
G . l . c .  2£' Carbowax 20M; 70°C; n i t r o g e n  1 5 p . s . i . ,  R . i .  ( £ )
1330 ( 5 ) ,  1375 ( 4 ) ,  1400 ( 9 1 ) .
Because o f  th e  f a i l u r e  o f  th e s e  s e p a r a t io n  a t te m p ts ,  th e  
chrom atographic beh av iour  o f  th e  k e to n ic  m ixture was re -e x a m in ed .
S e p a ra t io n  a ttem p ts  on columns o f  alumina were u n s u c c e s s f u l .  
Use o f  Grade 1 b a s i c ,  Grade 3 n e u t r a l ,  or AgNO^-impregnated 
Grade 1 b a s i c  alumina gave product m ixtures  c o n ta in in g  no 
monomeric <*,£u n sa tu ra ted  k e to n e .
V a r io u s  s i l i c a  columns were a l s o  u n s u c c e s s f u l .
However, t  . I . e . . on AglTO^-impregnated s i l i c a  ( 0 . 5^ a c e t i c  
a c id s  ch loroform ) gave th r e e  s p o t s ,  R . f .  0 .2 5  (m ), 0 .7 5  ( s ) ,
0 .8 7  (w ) .  R e p e t i t io n  o f  t h i s  on a p r e p a r a t iv e  s c a l e  was l e s s
s u c c e s s f u l ,  however. Thus, 3 .3 g .  o f  k e to n ic  m ixture was a p p l ie d
t o  f i v e  m e tr e - lo n g  p . I . e .  p l a t e s  c o a te d  w ith  AgNO^-impregnated 
s i l i c a .  Double e l u t i o n  gave th r e e  p o o r ly  d e f in e d  bands, R . f .
0 . 3 ,  0 . 6 ,  0 . 7 .  Prom th e  band a t  R . f .  0 . 6 ,  1 .7g*  (66fo r e c o v e r y
*
o f  oc,penone) o f  a p p a ren t ly  pure 6 -m ethyl c y c l o h e x - 2 - e n - l - o n e  (9 3 )
T h is  was shown, l a t e r ,  t o  c o n ta in  approx im ately  16$ o f  
2-m eth y l c y c lo h e x - 2 —en—1—one ( 1 2 7 ) .
8 8
was o b ta in e d ,
I « r . , n .m .r . ,  u . v .  a s  above
M. s . M+ a t  m/e 110
G . l . c .  2$> Carbowax 20M; 70°C; n i t r o g e n  1 5 p . s . i . ,  R . i .  { % )
1290 ( 3 ) ,  1400 ( 9 7 ) .  
c • 6 - i  sop rop yl cy C lo h ex -2- e n - l - o n e  (94 ) •
B irch  r e d u c t io n  o f  2 - i s o p r o p y l  a n i s o l e  ( 8 9 ; 15g*) gave 1 3 . 6 g .  
o f  a c o l o u r l e s s  o i l .
I . r . (cm 3050 (m, -yC-H, a lk e n e ) ,  1720 (m ,v C = 0 ) ,  1690
(w, v C = 0 ,  o c ,£ u n s a t .) ,  1630 (w, vC=G), 1250 ( s ,  y a r y l -  
0- a l k y l ) ,  1150 ( v s ,  y a l k y 1- 0 - a l k y l ) ,
N .m .r -. (lOONHz.) S5.5& (2H, s )  v i n y l  H
3 .4 2  ( 3H, s )  OCH^
3 .1 0  (1H, s e p t e t ,  J=7Hz.) (C H ^C H
2 .6 5  (4H, complex) CH2
0 .9 2  (6H,. d ,  J=7Hz.) ( GH3 ) 2cS
p lu s  o th e r  n o n -a ss ig n a b le  r e s o n a n c e s .
T . l . c . 5$  e t h y l  a c e ta te s  p e t r o l ,  R . f .  0 .3  (w ) ,  0 .7  ( s ) .
G . l . c .  C a p i l la r y  carbowax 20M; 70°C; n i t r o g e n  l O p . s . i .
R . i .  { f )  1280 ( 1 1 ) ,  1340 ( 1 4 ) ,  1395 ( 6 1 ) ,  1450 ( 1 4 ) .  
A cid  h y d r o ly s i s  ga.ve 1 1 .7 g .  o f  a yellow -recb  o i l  ( e q u iv a le n t  
t o  4 4 %  y i e l d  o f  d e s ir e d  product from B irch  r e d u c t io n ,  b ased  on 
g . l . c .  a n a l y s i s ) .
I . r .  (cm*”1 ) 1720 (m ,y C = 0 ) ,  1690 ( v s ,  y C = 0 ,  o c ,£ u n sa t . )
N .m .r .  r e so n a n ces  correspond ing  t o  th e  d e s ir e d  enone (9 4 ,  54/ ) ,
s t a r t i n g  m a te r ia l  ( 8 9 , 1 4 £ ) ,  and o th er  compounds ( 32^ ) .
T . l . c .  ch lo ro fo rm , R . f .  0 . 4  (w ) ,  0 .6  ( s ) ,  0 . 8  (m).
G . l . c .  " C a p i l la r y  carbowax 20K; 70°C; n i t r o g e n  l O p . s . i .
R . i .  ( $ )  1395 ( 1 0 ) ,  1425 ( 2 ) ,  1450 ( 3 4 ) ,  1505 ( 5 4 ) .
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S ep a ra t io n  "by p . l . c .  (ch loroform ) v;as on ly  p a r t i a l l y  
s u c c e s s f u l .  The band a t  R . f .  0 .6  co n ta in ed  74£ o f  th e  d e s ir e d  
enone ( 9 4 ) and 2 6 %  o f  o th e r  k e t o n e s ,  w h ile  th a t  a t  E . f  0 .8  was 
2~ is o p r o p y l  a n i s o l e  ( 8 9 ) .
S i l i c a  and alumina columns s i m i l a r l y  f a i l e d  t o  e f f e c t  a 
re a s o n a b le  s e p a r a t io n .
The product m ixture was sep a ra ted  by p r e p a r a t iv e  g . l . c .  
( lO g .  a p p l ie d  t o  2^ carbowax 20M on Supasorb 60-80mesh; 150°C)  
t o  g iv e  2 . 0g .  ( 38$  r e c o v e r y )  o f  6- i s o p r o p y l  c y c lo h e x - 2- c n - l - o n e
(9 4 ,  99 •5 ?  pure)
I . r .  (cm 3040 (w ,-yC-H, a lk e n e ) ,  I 69O ( v s , - y C = 0 ) ,
1630 (w, vC =C ).
N .m .r . 6 .8 8  ( 1H, d o f  f o f  d , J=10, 4 ,  1H z .)  Hg
5 .9 5  (1H, d o f  t ,  J=10, 2H z .) Ha Q
V t
Pr'
2 .0 4  (.1H, sep te -t ,  J=7Hz.) ^CH,)„CH
|-|
2 . 5 - 1 .8  (5H, complex) CH, CH2 B
0 .9 4  ( 6H, two d , J=7Hz.) (CH3 ) 2CH
9 4
13C N .m .r .  (25*2KHz.) p .p .m . d ow n fie ld  from (CH^j^Si.
2 0 1 .2 1 4  ( s ,  C - l ) ,  149 .241  t d ,  C -3 ) ,
1 3 0 .0 3 0  (d ,  C - 2 ) ,  52 .801  (d ,  C-6 ) ,
25 .8 2 7  (d ,  C - 7 ) ,  25 .3 3 0  ( t ,  C -4 ) ,
23 .2 6 3  ( t ,  C-5), 2 0 .5 6 5 ,  18 .607  (b o th  q ,  C-S,9)
M .s. M+ a t  m/e 1 3 8 .
G . l . c .  C a p i l la r y  carbowax 20M; 70°C; n itr o g e n  l O p . s . i .
R . i .  1505 .
U .v .  ^EtOH 225nm. (e9000)
  m a x .
R e p e t i t i o n  o f  th e  B irch  r e d u c t io n  o f  2 - i s o p r o p y l  a n i s o l e  
( 8 9 ; ^5g . )  over a lo n g e r  tim e ( 2 . 5h . )  g a v e ,  a f t e r  a c id  h y d r o l y s i s ,  
1 9 . 2g .  ( e q u iv a le n t  t o  53% y i e l d  o f  d e s ir e d  p rodu ct)  o f  a
9 0
y e l lo w -r e d  o i l ,
] U r , ,  n .m .r . , t . l . c .  as  p r e v io u s  F irch  r e d u c t io n .
G . l . c . C a p i l la r y  carbovjax 20K; 100°C; n i t r o a e n  7 p . s . i .
R . i .  ($ )  1425 ( 1 4 ) ,  1470 ( 2 ) ,  1485 ( 1 5 ) ,  1535 ( 6 9 ) .  
Because o f  th e  low rec o v ery  o b ta in ed  from p r e v io u s  methods 
o f  s e p a r a t io n ,  th e  u se  o f  dry-column chromatography**^ was 
i n v e s t i g a t e d .  T r ia l  experim ents  in d ic a te d  th a t  no s i n g l e  
s o lv e n t  c o u ld  e f f e c t  a sep ara tion -b u t' th a t  th e  mixed system ,
30$  e t h y l  a c e ta te s  p e t r o l ,  was s u i t a b l e ,  a l lo w in g  r e a so n a b le  
s e p a r a t io n  and r e c o v e r y .
Thus, 7*40g . o f  k e to n ic  m ixture was a p p l ie d  to  a 75x 5cm. 
n y lon  column c o n ta in in g  750g .  o f  p r e -e q u i l ib r a te d * * ^  s i l i c a  
(Woelm Grade 3 s i l i c a  g e l  60 " fo r  dry-column chromatography” )•
A f te r  a p p ro p r ia te  s l i c i n g  o f  th e  developed  column, 2 .51g* (51$  
r e c o v e r y )  o f  6- i s o p r o p y l  c y c lo h e x - 2- e n - l - o n e  ( 9 4 , 95$  p u re)  was 
o b ta in e d .  ( s p e c t r o s c o p ic  data  a s  b e fo r e )
I n  order  to  i d e n t i f y  th e  o th er  components o f  th e  k e to n ic  
m ix tu re ,  some o f  th e  p a r t i a l l y  sep ara ted  f r a c t i o n s  were exam ined.  
These apoeared t o  c o n ta in  2 - is o p r o p y l  cyclohexanone ( i l l ) ,  
2- i s o p r o p y l  c y c lo h e x - 2- e n - l - o n e  ( 129) ,  and 2- i s o p r o p y l  a n i s o l e  ( 8 9 ) .  
I . r .  (cm * )  F r a c t io n  1 . 2 - i s o p r o p y l  a n i s o l e  ( 8 9 , s e e  above)
F r a c t io n  2 1720 ( v s ,  v C = 0 ) ,  I 69O (w, * 0 = 0 ,  < x ,gu n sa t . )
F r a c t io n  3 1720 ( s ,  v C = 0 ) ,  I 69O ( v s ,  v C = 0 , oc,/5unsat.)
G . l . c ,  C a p i l la r y  carbowax 2OK5 100°C; n i t r o g e n  7 p * s . i .
R . i . 1425 1470 1485 1535
F r .  1 56 44 - - $
F r .  2 93 2 5 - $
—
i ■ 
• u> 30 - 63 7 $
IDENTITY — 89
129 J 94
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U .v .  F r .  3 233nnj. (g.8000)  mux.
t  Other d.ry-columns produced s im i la r  r e s u l t s ,  end s e v e r a l  o f  
th e  rec o v ered  m ix tu res  c o n ta in in g  >5$ im p u rity  were combined and 
rechromatogramr.ed t o  g iv e  fu r th e r  amounts o f  p u r i f i e d  6 - i s o p r o p y l  
c y c l o h e x - 2 - e n - l - o n e  (9 4 ) •
d .  6 - t e r t . b u t v l  c y d o h e x - 2 —e n - l - o n e  (95)*
Attempted B irch  r e d u c t io n  o f  2—t e r t .b u t y l  a n i l i n e  ( 9 l )  gave  
alm ost com plete  r e c o v e r y  o f  s t a r t i n g  m a t e r i a l*,
I . r . , n .m .r . , t . l . c . a s  s t a r t i n g  m a te r ia l  ( 9 l ) .
G . l . c . 1$ SE3O5 75°0 ;  n i t r o g e n  1 5 p . s . i . ,  R . t .  ( f )  2 .8  (<5)»  
6.6 (>95) .
A ttem pted B irch  r e d u c t io n  o f  N ,N -di methyl 2 - t e r t . b u t ^ l  
a n i l i n e  ( 9 2 ) was e q u a l ly  u n s u c c e s s f u l ,  even a f t e r  e x t e n s io n  o f  
th e  r e a c t io n  tim e t o  3h.
I . r . ,  n . m . r . ,  t . l . c .  as s t a r t i n g  m a te r ia l  ( 9 2 ) .
B irch  r e d u c t io n  o f  2- t e r t .b u t y l  a n i s o l e  (90$ l O g . ) gave 9«%« 
o f  a c o l o u r l e s s  o i l .
I . r .  (cm 3040 (w, -vC-H, a lk e n e ) ,  1660 (m,-vC=C),
1140 ( s ,  v a l k y l —0 - a l k y l ) ,  p lu s  bands c o rr esp o n d in g  to  
2- t e r t .b u t y l  a n i s o l e  ( 9 0 ) .
N .m .r .  n o n - in te r p r e ta b le
G . l . c . C a p i l la r y  carbowax 20M; 80°C$ n i t r o g e n  l O p . s . i .
R . i .  (5c) 1310 ( 3 ) ,  1330 ( 1 6 ) ,  1360 ( 1 7 ) ,  1455 ( 4 1 ) ,
1490 ( 2 3 ) .
Acid h y d r o ly s i s  o f  t h i s  mixtxire p-ave S . 9 r .  (ea .u iv a len t  to  
385 y i e l d  o f  d e s ir e d  p ro d u ct ,  "based oh y • 1 • c • a n a l y s i s )  o f  a  
y e l lo w  o i l .
I . r .  (cm- 1 ) 1720 Cm, v C = 0 ) ,  1685 Cvs, v  C=0, < x ,£ u n sa t . ) ,
p lu s  bands correspon d in g  t o  2 - t e r t . b u t y l  a n i s o l e  ( 9 0 ) .
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IJ. m. r . reso n a n ces  a t t r ib u t a b le  to  2—t e r t • b u t y l  cyc loh exan one
( 1 1 2 ; 17 /0  > 2- t e r t . b u t y l  c y c lo h e x - 2- e n - l - o n e  ( 1 3 0 ;
1 t$>)» 6- t e r t . b u t y l  c y c lo h e x - 2- e n - l - o n e  (955 40^) > and 
2- t e r t * b u t y l  a n i s o l e  ( 9 0 ; 25^)*
(d a ta  g iv e n  la te r -  -  see  b e lo w ) .
T . l . c .  *fjo e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 . 4 ,  0 .7  
CMUc. C a p i l la r y  carbowax 20M: t50°C; n i t r o g e n  l O p . s . i .
R . i .  \ $ )  1410 ( 1 7 ) ,  1465 ( 1 6 ) ,  1490 ( 2 5 ) ,  1525 (4 0 )  
S e p a ra t io n  by p . I . e .  (5/3 e t h y l  a c e t a t e :  p e t r o l ,  double  
developm ent) gave two bands, R . f .  0 . 5 ,  0 . 8 .  The broad band 
c e n tr e d  a t  0 .5  was d iv id e d  i n t o  t h r e e  f r a c t i o n s  i n  in c r e a s in g  
order o f  R . f .  v a lu e .
G . l . c .  C a p i l la r y  carbowax 20M; 80°C; n i t r o g e n  l O p . s . i .
R . i . 1410 1465 1490 1525
F r a c t io n  1 - 2 - 98 i  R . f .  0 . 5-
F r a c t io n  '2 12 30 - 58 f  R . f .  0 .5
F r a c t io n  3 14 78 2 6 f  R . f .  0 .5 +
F r a c t io n  4 2 " 98 - f  R . f .  0 .8
T h is  in d i c a t i o n  o f  a s e p a r a t io n  was e x p lo i t e d  by th e  u s e  o f  
column chromatography on Grade 3 s i l i c a  g e l  6 0 .  T r i a l s  u s in g  
h exan e-b en zen e and pen tan e-bensen e  g r a d ie n ts  were m onitored  by  
g . l . c .  and found t o  be s u i t a b l e .  Thus, 8 .7g* o f  k e to n ic  m ixture  
was a p p l ie d  t o  a 2k g .  column o f  s i l i c a  and e l u t e d  w ith  a h ex a n e -  
benzene g r a d ie n t .  G . l . c .  a n a ly s i s  o f  th e  f r a c t i o n s  c o l l e c t e d  
was f o l lo w e d  by ap p ro p r ia te  recom bination  o f  t h e s e  f r a c t i o n s  t o  
g i v e ,  i n  a d d i t io n  t o  2- t e r t . b u t y l  a n i s o le  ( 9 0 ) ,  th r e e  p r o d u c t s : -
( l ) .  2- t e r t .b u t y l  cyclohexanone ( 112 ; 371™g*> 25*' r e c o v e r y ;
9 %  pure)
I . r .  1720cm"1 ( s ,  *vC=0)
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N .m .r , (lOOMIIz.) 6 2 . 4 - 1 . 4  (9H, complex) CH, CH2
1 .0 0  ( 911, s )
M«s. M+ a t  m/e 154 .
( 2 ) .  2—t e r t  ."butyl c y c lo h e x —2—en—1—one ( l3 0 ;  293m g., 19^ r e c o v e r y 5
i f  p u r e ) .
1 «r * 1685cm ( s , -y C = 0 ,  < x ,£unsat.)
N .m .r . (lOOKHz.) 6 5*71  ( lH , t ,  J«4H z.) v i n y l  H
2 .36  (4H, complex) CH2
1*96 (2H, complex) CH,,
1 .2 0  (9H, s )  (ch 3 ) 3c 130
M .s . M+ a t  m/e 152 .
u . v .  XEton 233nin# ( e 8100)•
  max •
( 3 ) .  6 - te r t ." b u ty l  c y c l o h e x - 2 - e n - l - o n e  (95? 2 . 29g . ,  6 6 f  r ec o v e r y ;
97^ p u r e ) .
I . r .  I685cm~"*" ( s ,  vC = 0 , a , £ u n s a t . )
N .m .r .  (lOOMHz.)' 6 6 . 8 0  ( iH , d o f  t  o f  d, J=10, 4 ,  I N z . )  IT---------  —D
5 .9 1  (1H, d o f  t ,  J=10, 2H z.) Ha
2 . 5 - 1 . 8  (5H, complex)
1 .1 1  (9H, s )
M .s . M+ a t  m/e 152 .
U .v .  XEt0H 225nm. ( e 8000) .  max.
R e p e t i t i o n  o f  th e  B irch  r e d u c t io n  o f  2 - t e r t  ."butyl a n i s o l e  
(90 ;  3 6 c . )  using* d i f f e r e n t  p r o p o r t io n s  o f  th e  r e a c t a n t s ,  v i z .
THF ( 2 0 0 m l . ) ,  l i q u i d  HH^  (lOOOrnl.), t e r t  ."butanol ( 2 0 0 m l . ) ,  and 
l i t h iu m  (7 .0a* .)  g a v e ,  a f t e r  a c id  h y d r o ly s i s ,  3 0 . 7 g .  (32^ y i e l d  
o f  d e s i r e d  p ro d u ct ,  "based on g . l . c .  a n a ly s i s )  o f  product m ixtu re  
comprising* 2 - t e r t ."butyl cyclohexanone (112; 18^ ) ,  2 - t e r t . h u t y l  
c y c l o h e x - 2 - e n - l - o n e  (130; l ? f ) ,  6 - t e r t  ."butyl c y c lo h e x - 2 - e n - l - o n e  
(95? 3 5 $ ) ,  and u n re a c te d  2 - t e r t  ."butyl a n i s o le  (gO; 2 8 £ ) .
9 4
■2
C
3
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Column chromatography, as "before, gr~ve 7*9"* o f  85 lf.- pure  
6—t e r t .b u t y l  c y c lo h e x —2—en—1—one# T h is  was fu r th e r  p u r i f i e d  "by
dry-column chromatography (VJoelm Grade 3 s i l i c a  g e l  6*0 
30^ e t h y l  a c e ta te s  p e t r o l )  t o  g iv e  5 *6g .  o f  9^  pure enone.
1 » r . , n . m . r . ,  m .s* ,  t . l . c . ,  g . l . c . ,  u . v .  as  "before.
4* R ed u ction  o f  6- a l k y l  c y c lo h e x -2 —e n - l - o n e s ;  p r e p a r a t io n  o f  
6- a l k y l  c y c lo h e x - 2- e n - l - o l s .
a .  G eneral methods.
R e a c t io n  c o n d i t io n s  (tem p era tu re ,  t im e ,  amount o f  red u c in g  
a g e n t)  and product d i s t r i b u t i o n s  have a lrea d y  b een  d e t a i l e d  i n  
T ab les  8 , Q> and 10 and w i l l  n o t ,  t h e r e f o r e ,  be r e p e a te d .
( 1 ) LAH" r e d u c t io n .
A s o l u t i o n  o f  th e  ap p rop r ia te  6- a l k y l  enone i n  H a-d ried  
e th e r  was added dropwise t o  a v ig o r o u s ly  s t i r r e d  su sp e n s io n  o f  
LAH* c o n ta in e d  in  an o v e n -d r ie d  tw o-necked f l a s k ,  m a in ta in ed  under 
an atmosphere o f  n i t r o g e n .  When r e a c t io n  was co m p le te ,  w ater  was 
c a u t io u s ly  added t o  decompose any e x c e s s  hydride  and h y d r o ly s e  th e  
in te r m e d ia te  organo-alum inium  com plex. The r e a c t io n  m ixture was 
a c i d i f i e d  w ith  d i l u t e  HC1 and e x tr a c te d  w ith  e t h e r ,  which was th en  
washed w ith  b r in e ,  d r ie d  over MgSO^, and evaporated  t o  g iv e  
p r o d u c t .
( i i )  NaBH^ r e d u c t io n .
Method as  above: s o lv e n t ,  THTV
( i i i )  33AH" r e d u c t io n .
Method as  above: s o l v e n t s ,  e t h e r ,  h exan e, TKF; r ed u c in g
a g e n t ,  O.9M s o l u t i o n  o f  D3AH in  hexane.
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( i v )  LiAl‘(0:*.e)'^H r e d u c t io n .
• A s o l u t i o n  o f  LlAH i n  THF was prepared by s t i r r i n g  4g* o f  h-AH
in  100ml. o f  riHF (d r ie d  by d i s t i l l a t i o n  from CaH^) f o r  4b*
F i l t r a t i o n  o f  th e  su sp e n s io n  through s in t e r e d  g l a s s ,  under
n it r o g e n  p r e s s u r e ,  gave a c l e a r  s o l u t i o n ,  whose c o n c e n tr a t io n  
^07was determ ined  t o  be O.155M,
A lOJc v / v  s o l u t i o n  o f  methanol (d r ie d  over CaH^) in  THF 
(d r ie d  over  LAH) was prepared and s to r e d  over m olecu lar  s i e v e s  
( ty p e  3A )#
A s o l u t i o n  o f  LiAl(0Me)^H in  THF was then  prepared  by 
i n j e c t i o n  o f  th e  r e q u ir e d  amount o f  methanol/THF s o l u t i o n  ( t h r e e  
e q u iv a le n t s  o f  m ethanol) t o  a measured amount o f  th e  LAH/THF 
s o lu t io n *
R ed u ct io n s  were th en  c a r r ie d  out as  d e t a i l e d  above f o r  LAH, 
i t s e l f *
( v )  L i( s e c .b u ty l )^ B H : and K (sec .buty l)^B H  r ed u ct io n s*
Method as  above f o r  LAH: s o l v e n t ,  ether/THF; r ed u c in g
a g e n t s ,  1M s o l u t i o n  o f  Li rea g e n t  i n  THF, 0.5M s o l u t i o n  o f  K
re a g e n t  i n  THF*. I n  each c a s e ,  th e  in term e d ia te  organo-boron
?P'°>complex was o x id i s e d  by a lk a l i n e  " a f t e r  a d d i t io n  o f  w a ter .
I n v e r s e  a d d i t io n  o f  red u c in g  agent t o  s u b s tr a te  was employed in
one o f  th e  r e d u c t io n s  in v o lv in g  th e  L i r e a g e n t .
175( v i )  M eerw ein-Ponndorf-V erley  red u ction *
A s t i r r e d  m ixture o f  6 - i s o p r o p y l  c y c lo h e x - 2 - e n - l - o n e  (94;  
20mg., O*135mr.ol*) and aluminium iso p ro p o x id e  (O .^ g . ,  2.45romol*) 
i n  AnalaP. iso p r o p a n o l  ( lO m l.)  was r e f lu x e d  fo r  20h. The a ce to n e  
produced d u r in g  r e a c t io n  was then  s lo w ly  d i s t i l l e d  over  lh*  
A liq u o t s  o f  th e  r e a c t io n  m ixture were taken  a t  3 ,  20 , and 2 1 h . ,  
a c i d i f i e d  w ith  d i l u t e  HOI and e x tr a c te d  w ith  e t h e r .  The e th e r
e x t r a c t s  were washed w ith  b r in e ,  d r ie d  over NgSO^, and evap orated  
t o  g iv e  p ro d u cts  which were examined by g . l ^ c .
b .  6-m ethy l c y c lo h e x - 2- e n - l - o l s  ( 9 6 , 97 ) .
LAH r e d u c t io n s  o f  6 -m eth y l e y e lo h e x - 2 - e n - l - o n e  (9 3 )  produced  
p a le  y e l lo w  o i l s  in  90- 99^ y i e l d s .
I ^ r .  (cm ^) 3400 ( s ,  v O -H ) ,  3040 (w ,-yC-H, a lk e n e ) ,
1060-990 ( v s ,  -vC-0, 6 0-H) .
N .m .r . see  sep a ra ted  compounds.
T . l . c .  10£ e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .2 0
30^ e t h y l  a c e t a t e :  p e t r o l ,  R . f .  O..56
ch loro form , R . f .  0 .5 3  
G . l . c .  2f ,  Carbowax 20M; 70°C; n i t r o g e n  1 5 p . s . i . ,
R . i .  1290 1390 1400 1445 1470 1490
IDENTITY 110 140 ,137  93 9 6  97 128
C a p i l la r y  Carbox^ax 20K; 70°C; n i t r o g e n  l O p . s . i . ,
R . i .  1285 1370 1380 1425
IDENTITY 110 140 ,137  93 9 6
G . c . - m . s . %  Carbowax 2OK; 11 0 °C .,
R . t .  4 2 .0  4 4 .4  4 8 .4  5 8 .5
M+ (m /e) 114 114 HO 112
IDENTITY 140 137 93 96
The i d e n t i t y  o f  th e  s a tu r a te d  k etone ( l lO ) , s a tu r a te d  
a l c o h o l s  (1 4 0 ,  137) and 6-m ethyl enone ( 9 3 ) was e s t a b l i s h e d  by 
g . l . c .  c o - i n j e c t i o n  o f  t h e s e  sam ples with a u th e n t ic  m a t e r i a l s .
S e p a r a t io n  a ttem p ts  by t . l . c . ,  m u lt ip le  development t . l . c . ,  
and column chromatography were u n s u c c e s s f u l .
P . I . e .  on AgNO^-impregnated s i l i c a  sep ara ted  th e  6 -m eth y l  
c y c l o h e x - 2 - e n - l - o l s  ( 9 6 , 97) from th e  o th er  p r o d u c ts .  (As 
d e t e c t e d  by g . l . c .  and i . r , . )
1455 1475
91 128
6 9 .2  79*8 n in e .
112 112
97 128
A ttem pts to  s e p a ra te  th e  a lc o h o l s  ( 9 6 , 97 ) as  t h e i r  
» 7 ,6 -d ic h lo r o h e n z o a t e 'd e r iv a t iv e s  uere  u n s u c c e s s fu l  ( s e e  l a t e r ) .
P r e p a r a t iv e  ^ . l . c .  ( 5^ Carhovrax 20M on Supasorb 6 0 -8 0  mesh) 
o f  th e  a lc o h o l  m ixture rave fo u r  f r a c t i o n s .
( 1 )  2-m eth y l cy c lo h e x a n o l  ( 1 4 0 , 1 3 7 ; 5m£* > r e c o v e r y ;  93?- pure)  
I . r . (cm 3400 ( v s , v 0 - H ) ,  IO6 5 * 1050 , 1040 ( v s ,  t r a n s
v C -0 ,  &0-H), 930 ( s ,  c i s  v C -0 ,  &0-H ) .
M .s . M+ a t  m/e 114 .
( 2 ) c i s  6-m ethy l c y c lo h e x - 2- e n - l - o l  ( 96 ; 66m £., 21^ r e c o v e r y ;
86^ pure)
I . r . (cm ^) 3400 ( v s ,  v O -H ),  3030 (m, vC -H , a lk e n e ) ,
1660 (w, ^C=C), 985 ( v s ,  v C -0 ,  S 0-H ) .
N .m .r .  (lOOKHz.) £5*83  (2H, complex) v i n y l  H
3.97 (1H, broad s ,  Wi = 8 H z . )  c i s  CKOH
2
2 . 2 - 1 . 2  ( 6H, com plex, 1H D20 e x . )  CH, CH2 , OH
1 .0 5  ( 3 H , d ,  J=6H z .)  CH3
M .s. M+ a t  m/e 1 1 2 .
A n a l y s i s .  Foundr C, 75*02; H, 1 0 .9 7 $ .  ^^^12^ r e q u ir e s
c ,  74.95; H, 1 0 . 7855.
( 3 ) t r a n s  6 -m ethy l c y c lo h e x —2 - e n - l - o l  (97; 172m g., 27$  r e c o v ery ;  
93$ p u r e ) .
I . r . (cm”1 ) 3400 ( v s ,  -v 0 -H ) , 3030 (m, vC -H , a lk e n e ) ,
1660 (w, v C = C )t 1060, 1035> 1015 ( v s ,  t r a n s  v C - 0 ,S 0 - H )  
N .m .r . ( l00 !!H z .)  6 5 .^ 7  (2H, complex) v i n y l  H
3 .7 7  (1H, hroad s ,  Wi=r4Hz.) t r a n s  CH0H
2 . 2 - 1 . 2  (6 ll ,  complex, 1H I>20 e x . )  CH, CH2 , OH
1 .0 7  (3H:, d, J=6Hz• )  CH3
M .s. M+ a t  m/e 112 .
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(4 )  2 -m ethy l c y c l o h e x - 2 - e n - l - o l  ('128: 53mg., 24?! recover;/;
88$ p u r e ) ,
I . r . (cm ) 3400 ( v s , v O - H ) ,  >040 (w, vC -H , a lk e n e ) ,
1640 (vw, vC =C ), 1065 ,  1040 , 925 .  950 ( s ,  v C - 0 ,  S O -K ).
N .m .r .  (lOONHz.) 5*51 ( lH , "broad s )  v i n y l  H'
3*96 (lH, "broad s ,  Wi=llHz.) CH0H
“o
2 . 2 - 1 . 4  (6H, com plex, 1H D^ O e x . )  CH, OH
1*79 (3H, s )  ch3
M .s. K+ a t  m/e 112 .
R ed u ct io n s  "by NaBH  ^ gave y e l lo w  o i l s  (93-95$ y i e l d s )  
c o n ta in in g  more o f  th e  s a tu r a te d  keton e  ( l l O ) and s a tu r a te d  
a lc o h o l s  ( 1 4 0 , 137) than  observed  w ith  LAH (T able  8 ) .  These  
vrere a n a ly se d  and sep a ra ted  a s  above,
c .  6 - i s o p r o p y l  c y c l o h e x - 2 - c n - l - o l s  ( 9 8 , 99) •
LAH r e d u c t io n s  o f  6 - i s o p r o p y l  c y c lo h e x - 2 - e n - l - o n e  (9 4 )  
produced p a le  y e l lo w  -o i l s  in  90- 99$  y i e l d s .
I . r .  (cm "^) 3400 ( s ,  vO-H"), 3040 (w, vC -K , a lk e n e ) ,  1 050 -
910 ( v s ,  v C - 0 ,  6  0 -H )•
N .m .r .  see  sep a ra ted  compounds.
T . l . c .  30$ e t h y l  a c e ta te s  p e t r o l ,  R . f .  0 . 4 3 ,  0 . 47-  
ch lo r o fo r m , R . f .  0 . 4 0 .  
e t h e r ,  R . f .  0 .6 8 .
G . l . c .  C a p i l la r y  Carbowax 20K; 90°C; n i tr o g e n  7 p « s . i .
R . i .  1425 1510 1535 1555 1620
IDENTITY 111 141 94 138 ,98  99
The m ix tu res  were sep ara ted  by p r e p a r a t iv e  g . l . c .  s in c e  
t . l . c .  and column chromatography f a i l e d  t o  e f f e c t  a s e p a r a t io n .  
P r e o a r a t iv e  g . l . c .  (2$ Carbowax 20K; 115 C) gave
( l )  c i s  6 - i s o p r o p y l  c y c l o h e x - 2 - e n - l - o l  (985 91m g., 16$ rec o v e r y ;
99
* 9&% p u r e ) .
I . r .  (cm"1 , CGI s o lu t io n )  3620 (m, vO -H ), 3020 (m, vC -H ,
——  *-r
a lk e n e ) ,  I 65O (w j,  vC =C ), 1050, 910 ( s ,  v C -0 ,  6 0 -H ) . 
N .m .r .  (lOOKKz.) 65*88 (2H, complex) v i n y l  H
4.16 (1H, ■broad s, Wi=8Ez .)
2 . 3 - 1 . 2  (7H, com plex, 1H D^ O e x . )  
1 • 04 ( 6H, two d , J=6H z • )
CH, CH2 , OH
(ch3 ) 2ch-
c i s  CHOH
A n a l y s i s . Found: C 7 7 .1 0 ;  H, 1 1 .6 2 $ .  C^H ^0 r e q u ir e s  
C, 77‘.0 9 ;  H, 1 1 .5 0 $ .
( 2 ) t r a n s  6- i s o p r o p y l  c y c lo h e x - 2- e n - l - o l  ( 99 ; 700m g., 60$  r e c o v e r y ;  
9 %  p u r e ) .
I . r .  (cm ", CCl^ s o lu t io n )  3620 (m, v 0 - H ) ,  3020 (m ,v C -K ,  
a lk e n e ) ,  I 65O (vw, vC=C), 1040 ( s ,  -vC-0 , £ 0-H) •
The o th e r  components o f  th e  m ixture sep a ra ted  hy p r e p a r a t iv e  
g . l . c ,  were shovm, hy comparison o f  t h e i r  i . r .  and n .m .r .  s p e c tr a  
w ith  th o s e  o f  a u th e n t ic ’ m a t e r ia l ,  t o  he c i s  and tr a n s  2- i s o p r o p y l  
c y c lo h e x a n o l  (l41>  138; see  p p . l 2 8 , 1 3 l )  and 2- i s o p r o p y l  
cyc loh exan on e  ( i l l ;  see  p j . 2 6 ) .  Further c o n f ir m a t io n  was 
a f fo r d e d  hy g . l . c .  c o - i n i e c t i o n  o f  th e s e  a u th e n t ic  m a t e r ia l s  w ith  
th e  m ix tu r e .
R ed u c t io n s  were i n v e s t i g a t e d  u s in g  d i f f e r e n t  red u c in g  a g e n ts  
and c o n d i t io n s  in  order to  a ch iev e  h igh  s t e r e o s e l e c t i v i t y .  The
N .m .r . (lOOEEz.) 65*71  (2K, complex)
4 .0 7  ( iH ,-h r o a d  s ,  yji=14Hz . )
v i n y l  H 
t r a n s  CHOH
2 . 2 - 1 . 2  (7H, complex, 1H DgO e x . )
0 .9 3  ( 6H, two d, J=6H z .)
+ /M .s .  M a t  m/e 1 4 0 .
CH, CH -, OH
( ch3 ) 2ch
O
r e s u l t s  from th e s e  are  g iv e n  in  T ah le ''.
1 0 0
When th e s e  e f f o r t s  f a i l e d  the- s e p a r a t io n  o f  th e  a l c o h o l s  by 
dry-colum n chromr.tof:raphyl l j ' was i n v e s t i g a t e d .  A f te r  s m a l l -  
s c a l e  t r i a l s ,  4 0 0 i r £ .  o f  mixttire ( g . l . c .  a n a ly s i s  below ) was 
a p p l ie d  to  a 50x 2 . 5cm. n y lon  column c o n ta in in g  200g .  o f  Woelm 
Grade 3 s i l i c a  g e l  60 which had been p r e - e q u i l i b r a t e d 1
w ith  th e  s o lv e n t  system , 30$ e th y l  a c e t a t e :  p e t r o l .  The r e s u l t a n t  
band, R . f .  0 . 5 - 0 . 7 ,  was d iv id e d ,  and an a lysed  by g . l . c .
G . l . c .  C a p i l la r y  Carbowax 20M; 110°C; n i tr o g e n  7 p . s . i .
R . i . 1425 1535 1555 1620 w eigh t
m ixture 2 3 66 29 i
f r .  1 95 2 2 1 i 6 mg.
f r .  2 88 4 5 ' 3 f 5 mg.
f r .  3 1 2 96 1 f 24mg.
f r .  4 - - 94 6  $ 66mg.
f r .  5 - 73 27 f 119mg.
f r .  6 - - 39 6 1  i 85mg.
f r .  7 - - 6 94 i 36mg.
o n ly  34$ r e c o v ery o f 90-4$ pure c i s  a lc o h o l ( 98.) j and
o n ly  31$ rec o v e r y  o f  90-4$ pure t r a n s  a lc o h o l  (2 2 )  were o b ta in e d .
A ttem pted s e p a r a t io n  o f  th e  a lc o h o l s  as  t h e i r  2 , 6 - d i c h l o r o  
b en zoate  e s t e r s  f a i l e d  ( s e e  l a t e r ,  pp 112, 113)
The b e s t  s e p a r a t io n  method f o r  th e  a lc o h o l s  was v i a  
f r a c t i o n a l  c r y s t a l l i s a t i o n  o f  t h e i r  3 ,5 -d in i t r o b e n z o a t 'e s  ( s e e 
pp. 1 1 - - 1 2 0 ) .
d .  6 - t e r t . b u t y l  c y c l o h e x - 2 - e n - l - o l s  (100 ,  1 0 1 ) .
LAH r e d u c t io n s  o f  6- t e r t .b u ty l  c y c lo h e x - 2 - e n - l - o n e  ( 9 5 ) 
produced p a le  y e l lo w  o i l s  in  92-98/ y i e l d s .
I . r .  (cm"1 ) 3400 ( v s ,  -vO-H), 3040 (w ,-rC -H , a lk e n e ) ,
1 100-900  ( s ,  -vC-0, SO-H).
1 0 1
N .m .r . s ee  sep a ra ted  compound’s*
T . l . c .  3Of e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0*65 , 0 .5 9 -  
ch loro form , R .f*  0*54* 
e t h e r ,  R*f* 0 .75*
G . l . c . C a p i l la r y  Carbowax 20H; 90°^; n i t r o g e n  10p*s* i*
R*i* 1410 1545 1570 1625
IDENTITY 112 142 139 ,100  101
The c i s  and tr a n s  2-tert*"buty l c y c lo h e x a n o ls  (1 4 2 ,  1 3 9 ) and 
2- t e r t * h u t y l  cyc lohexanone ( 112) were i d e n t i f i e d  hy g . l . c .  
c o - i n j e c t i o n  w ith  a u th e n t ic  m a te r ia l s  and hy comparison o f  t h e i r  
i * r .  and n .m .r*  s p e c t r a ,  a f t e r  s e p a r a t io n ,  w ith  th o se  o f  th e  
a u th e n t ic  compounds, ( s e e  pp . 1 2 7 , 128)
S ep a r a t io n  o f  th e  m ix t u r e ‘hy column chromatography ( s i l i c a  c e l ,  
ben zen e) was p a r t i a l l y  s u c c e s s f u l  on a sm all s c a l e  h u t ,  on a 
l a r g e r  s c a l e ,  was d is a p p o in t in g  — from l * 70g* o f  a lc o h o l  m ix tu re ,  
c o n ta in in g  7 i f  c i s  ( 100) and 24f  t r a n s  ( lQ l )  a l c o h o l s ,  o n ly  266mg. 
( 21$  r e c o v e r y )  o f  c i s  6- te r t ." b u ty l  c y c lo h e x - 2- e n - l - o l  (IOO5 96$  
pu re)  was o b ta in e d .  G . l . c .  a n a ly s i s  o f  th e  sep a ra ted  f r a c t i o n s  
a l s o  showed th e  appearance o f  components which were not p r e s e n t  in  
th e  o r i g i n a l  m ixture* I . r .  a n a ly s i s  in d ic a t e d  th a t  t h e s e  were 
n e i t h e r  k e t o n ic  nor a l c o h o l i c  hut were p o s s i b l y  p o ly e t h e r s .
I . r * (cm”1) 1270 (m), 1120-1020 (vs), 8l0 (vs).
P . I . e .  s e p a r a t io n  o f  th e  a lc o h o l  m ixture was more s u c c e s s f u l .  
Thus, 750mg. o f  a lc o h o l  m ixture (a s  above) y i e ld e d  3l8m g. o f  c i s  
6 - t e r t .b u t y l  c y c l o h e x - 2 - e n - l - c l  ( lOO) when c a r e f u l l y  
chromatogrammed. Rerunning o f  p a r t i a l l y  sep a ra ted  f r a c t i o n s  
in c r e a s e d  t h i s  f i g u r e  to  397mg. (76$ rec o v ery )  w h ile  a t o t a l  o f  
o n ly  43mg. o f  504$ pure t r a n s  a lc o h o l  ( lO l )  was r e c o v e r a b le .  
P r e p a r a t iv e  g . l . c .  s e p a r a t io n  o f  th e  a lc o h o l  m ixture was
1 0 2
e f f e c t i v e .  Thus, p r e p a r a t iv e  g . l , . c .  Carbowax 2011; 140°C)
gave
( l )  c i s  6 - t e r t .b u t y l  c y c l o h e x - 2- e n - l - o l  ( 100; 262m g., 2 %  r ec o v e r y ;  
98£  p u r e ) .
I . r . (cm 1 , CCl^ s o lu t io n )  3625 (m ,-yO -H), 3020 (in, v C -i  
a lk e n e ) ,  I 65O (w, vC=C), 9 8 5 , 940 (m,-y/C-0, 6 0 - H ) .  
N .m .r . (lOOKHz.) £ 5 * 8 2  (2H, complex) v i n y l  H
4*24 ( lH ,  broad s ,  wi=8H z .)
a.
2 . 2 - 1 . 2  ( 6H, complv-i, 1H D„0 e x . )
1 .0 4  (9H, s )
U .S . M a t  m/e 154»
( 2 ) t r a n s  6 - t e r t . b u t y l  c y c lo h e x - 2- e n - l - o l  f lO l ;  59m g., 29^ 
r e c o v e r y ;  88^ p u r e ) .
c i s  CHOH 
CH, CH2 , OH
<ch h °
I . r . (cm \  CCl^ s o lu t io n )  3600 (m ,-yO -H), 3020 (m, vC-H', 
a lk e n e ) ,  I 65O (w, vC=C), 1040-1020 (m, -i/C-0, S  0 -H ) .  
N .m .r . (lOOKHz.) 65*63  (2H, complex) v i n y l  H
4*16 (1H, broad s ,  w i= l6H z .)
2 . 2 - 1 . 2  ( 6H, com plex, 1H D20 e x . )
1 .0 4  (9H, s )
M .s . M+ a t  m/e 154*
tr a n s  CHOH 
CH, CH2 , OH
(ra3)3c
5* P r e p a r a t io n  o f  model compound f o r  e s t e r i f i c a t i o n  r e a c t io n s ;  
3 , 5 ^ “i^ irce th y l  c y c lo h e x - 2- e n - l - o l  ( 172) .
R ed u c t io n  o f  f r e s h l y  d i s t i l l e d  3 , 5 ,5~'fcI*ime'fchyl c y c lo h e x -  
2 - e n - l —one ( 1 7 3 5 8g * ,  58mmol.) by LAH ( l . 2 7 g . , 33mmol.) i n  e th e r  
a t  0 °C, u s in g  th e  method p r e v io u s ly  d e sc r ib e d  gave 6 . 9 g .  ( 86£
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yield) of 3,55 5“i2'imethyl cyclohex;-2-en-'l-ol (172), h.p. 52-54°C/
I * r .  (cm 3350 ( s j -v O -H ) ,  3040 (w ,-yC-H, a lk e n e ) ,
1040. 1020 , 990 ( s ,  -vC -0, & 0-H ).
N .m .r .  (lOOIIKz.) £5*42  ( lH ,  complex, w?=6Hz.) v i n y l  H
If
4 .2 4  ( lH ,  hroad s ,  w^=--19Hz.) CHOH7
2 . 0 - 1 . 3  (4H, complex) CH^
T.71 (3H, t ,  J = lH z .)  v i n y l  CH^
1 .0 3  (3H, s )  CH3
0 .9 4  (3H, s )  CH3
M .s . M+ a t  m/e 140 .
T . l . c - .  30£ e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .3 5
G . l . c . C a p i l la r y  Carbowax 20M; 110°C; n i t r o g e n  7 p * s . i . ,
R . i .  1580 .
On s t o r a g e ,  th e  pure a l l y l i c  a lc o h o l  ( 1 7 2 ) a p p a ren t ly  
p o ly m e r is e d ,  as  d e t e c t e d  hy i . r . ,  t . l . c . ,  and g . l . c .  a f t e r  4 d a y s .  
C o n seq u en tly ,  th e  a lc o h o l  was f r e s h l y  prepared hy L\AH r e d u c t io n  
each  t im e i t  was r e q u ir e d .
6 .  E s t e r i f i c a t i o n .
a .  2 ,6 - d i c h lo r o h e n z o a t e s .
2 ,6 -d i c h lo r o h e n z o y l  c h lo r id e  ( l 7 l )  was prepared hy r e f l u x i n g  
a m ixture o f  2 ,6 —d ic h lo r o h e n z o ic  a c id  ( l 8 4 * 4*5g*) and f r e s h l y  
d i s t i l l e d  t h io n v l  c h lo r id e  (8 m l.)  f o r  24h. D i s t i l l a t i o n  a t  
atm ospher ic  p r e s su r e  removed e x c e s s  th io n y l  c h l o r i d e ,  and th e  
r e s id u e  was th en  d i s t i l l e d  a t  reduced p ressu r e  to  g iv e  4 . ? g .  (92£  
y i e l d )  o f  2 ,6 -d ic h lo r o h e n z o y l  c h l o r i d e . ( l 7 l ) ,  h .p .  1 2 9 -1 30°C/20mm.
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I . r . 1810cm"*1 ( s , - v C = 0 ) .
N .m .r . c n ly  one resonan ce  a t  S 7 .4  ( s ) .
M .s .  M+ a t  m/e 208 , w ith  ^ C 1  is o to p e  peaks a t  208 , 210 ,
212, 214 ( r e la t iv e  in t e n s i t i e s  100: 100: 33: 3 ) .
T . l . c . 5 0 f  e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 . 6 0 .
F u rth er  q u a n t i t i e s  o f  2 ,6 -d ic h lo r o h e n z o y l  c h lo r id e  ( l 7 l )  
were prepared  hy a s im p le r ,  more e f f i c i e n t  method. Two drops o f  
dim ethyl formamide was added t o  a v ig o r o u s ly  s t i r r e d  m ixture o f
2 ,6 -d i c h lo r o h e n z o ic  a c id  (1845 1 0 g . ,  5*2mmol.) and o x a ly l  
c h lo r id e  ( l 3 . 2 g . ,  10 .4m m ol.) i n  henzene (lO O m l.).  S t i r r i n g  was 
c o n t in u e d  f o r  l8 h .  and th e  r e s u l t i n g  s o lu t io n  c o n c e n tr a te d  on a 
r o ta r y  e v a p o r a to r .  D i s t i l l a t i o n  o f  th e  r e s id u e  gave 1 0 .4 g .
( 9 5 f  y i e l d )  o f  2 ,6 -d ic h lo r o h e n z b y l  c h lo r id e  ( 171) •
( i )  3j5*5-‘trimethyl cy c lo h ex -2 -en - l-y l  2 ,6-dichlorohenzoate (175)-
Method 1 .  ( p y r i d i n e / 2 , 6 -d ic h lo r o h e n z o y l  c h lo r id e 1^ )
Attempted e s t e r i f i c a t i o n 1^ o f  3 di met hyl  c y c l o h e x - 2 -  
e n - l - o l  ( 1 7 2 ; 1 . 4 0 g . ,  lOmmol.) gave 602mg. o f  crude product  
c o n ta in in g  l e s s  th an  5 f  ‘t^ ie d e s ir e d  e s t e r  (175)*
I . r . 1740 (w ,-vC =0, e s t e r ) ,  1670, 1640 ( v s ,  ? ) ,  1270 , 1140
(w, v C - 0 ,  e s t e r ) .
T . l . c .  5 Of e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .6 5  (*r, e s t e r ) ,
0.56 ( s ,  ? ) ,  0.47 (m, ? ) ,  0.45 (w, ? ) .
R e p e t i t i o n  over  s h o r te r  r e a c t io n  tim e (9 0 m in s .)  gave 1-55?*  
o f  crude p ro d u ct .  S ep ara tion  hy dry-column chromatography  
( 3 5 x 2 .5cm. column o f  VIoelm Grade 3 s i l i c a  g e l  60 3Of e t h y l
a c e t a t e :  p e t r o l )  gave 232mg. ( 8 f  y i e l d )  o f  e s t e r .
I . r .  (cm- 1 ) 1740 (v s , -» C = 0 ) ,  1270 , 1140 ( s , v C - 0 ) ,
8 0 0 ,  7S5 {m-, » C - C l ) .
T . l . c .  5Of e t h y l  a c e t a t e :  p e tro l ,^  R . f .  O.65 .
1 0 5
CONH
R e p e t i t io n  o f  th e  r e a c t i o n ,  on l / lO t h  s c a l e ,  in  a s e a le d  tube  
a t  60°C f o r  24h. gave h ig h e r  y ie ld *  The e x c e s s  a c id  c h lo r id e
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( i n )  was not co n v erte d  t o  th e  amide ( 250) p r io r  to  work—up, as  
had been done above.^  The crude product (266m g.,  85$ y i e l d )  was 
u n s u c c e s s f u l l y  chromatographed on Grade 1 n e u t r a l  alumina (43$  
r e c o v e r y ,  poor s e p a r a t io n ) .
A lco h o l ( 172;, 560m g,, 4m m ol.), a c id  c h lo r id e  (171; 1 . 0 5 6 g . ,  
5 . 05mmol.) and p y r id in e  ( 2ml*) were s t i r r e d  a t  45°C f o r  l 8h*
The r e a c t i o n  m ixture vras poured in t o  5$ i c e - c o l d  HC1 (45m l*) and 
e x t r a c te d  w ith  eth er*  The e x t r a c t s  were washed w ith  5$ NaHCO^, 
w a te r ,  d r ie d  over Na2C0 3 , and evap orated  to  g iv e  l * 334g* o f  crude  
product* Hexane (25m l*) was added and th e  f l a s k  was a l lo w e d  to  
s tand  a t  25°C f o r  3h* F i l t r a t i o n  through C e l i t e  and e v a p o r a t io n  
o f  th e  f i l t r a t e  gave 1 . 153g .  o f  product which was p u r i f i e d  by  
dry-colum n chromatography (l0xl*5cm * column o f  Grade 3 n e u tr a l  
alum ina; 450m l. o f  h exane) to  g iv e  825mg. ( 66$ y i e l d )  o f  e s t e r ,  
r e c r y s t a l l i s e d  from hexane t o  g iv e  671mg. (53$  y i e l d )  o f  pure  
e s t e r  (175 )  n e e d le s ,  m*p* 75*4“76*0°C*
I#r* (cm 0C1^ s o lu t io n )  3020 (w , -vC-H, a lk e n e ) ,  1740  
( v s , "vC=0) ,  1270, 1140 ( s , n / C - 0 ) .
N .m .r . 7 .3  (3H, s )  arom atic  H
5*5 (2H, m u l t ip le t  p lu s  broad s )  v i n y l  H, CHOCOAr 
1 *9- 1 .5  (4H, complex) CH2
1*7 (3H, s )  v i n y l  CH3
1 .1  ( 6H, s )  CH3
M.s* M+ a t  m/e 312 ( ^ C l  i s o t o p e  peaks a t  314 , 3 1 6 ) .
T . l . c ,  50$ e t h y l  a c e ta te s  p e t r o l ,  R . f .  O.6 5 .
A n a ly s i s  Found: C, 6 1 . 3 8 ? H, 5 .8 2 $ .  . C16H18C2C12 rea-u i r e s
C, 61 .355  H, 5*79$ .
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Method 2 .  ( n . “Butyl L i /2 ,6 - d ic h lo r o b e n z o y l  c h l o r i d e ) .
• To a s t i r r e d  s o l u t i o n  o f  a lc o h o l  (172; 378m g., 2 .7m m ol.)  in  
LAH-dried THF ( 2 m l . ) ,  m ain ta in ed  a t  0°C, under an atmosphere o f  
n i t r o g e n ,  1 .5 m l .  o f  a 2 0 /  w/v s o l u t i o n  o f  n . “b u ty l  Li i n  hexane  
was added. A f te r  s t i r r i n g  f o r  20 m in . ,  a s o l u t i o n  o f
2 ,6 -d ic h lo r o h e n z o y l  c h lo r id e  (l71> l « 0 g . ,  4 .8m m ol.)  i n  THP (3 m l.)  
was added. The r e s u l t i n g  s o l u t i o n  was s t i r r e d  a t  0°C f o r  2 h . ,  
th e n  l e f t  t o  stand  a t  25°C o v e r n ig h t .  E th er  (5 m l . )  was added, 
fo l lo w e d 'h y  water ( 5 m l . ) .  The r e a c t io n  m ixture was n e u t r a l i s e d  
“by a d d i t io n  o f  d i l u t e  HC1, th en  e x tr a c te d  vrith e th e r  which was 
th en  washed w ith  b r in e  and evaporated  to  g iv e  crude product  
w hich , a p p a r e n t ly ,  was a m ixture o f  s t a r t i n g  m a t e r ia l s  (1 7 1 ,  1 7 2 ) ,  
d e s ir e d  product (175? e s t im a te d  y i e l d  l e s s  th a n  1 0 / ) ,  and 
3 , 5 j 5 - i r i m e t h y l  c y c l o h e x - 2 - e n - l - y l  c h lo r id e  ( 1 7 6 ) .
Dry-column chromatography ( s i l i c a ;  b en zen e) f a i l e d  to  
se p a r a te  th e  m ix tu re ,'  hut p . l . c .  ( 3 0 /  e th y l  a c e t a t e :  p e t r o l )  d id  
e f f e c t  s e p a r a t io n  o f  th e  major component, th e  a l l y l i c  c h lo r id e  
(176; 230m g., 5#  y i e l d )
I . r . (cm"1 ) 3020 (w, vC -II , a lk e n e ) ,  1390 , 1370 (m ,-vC-C,
gem d im e th y l) ,  750 ,  735 (m, v C - C l ) .
N .m .r .  5*6 ( lH ,  complex) v i n y l  H
5 .2  (1H, broad s ,  w3_=13Hs.) CHCl
2 . 2 - 1 . 2  (4H, complex) CH, CH2
1 .6  (3H, s )  v i n y l  CH^
M .s. no M+ a t  m/e 1 5 8 . Base peak a t  m/e 123 (presum ably
l o s s  o f  c h lo r in e  from M+) •
R e p e t i t i o n  o f  th e  r e a c t io n  u s in g  1 eo_uivalent o f  n .b u t y l  Li 
gave s im i l a r  r e s u l t s ,  a s  d id  r e p e t i t i o n  u s in g  1 .1  e a u iv .  o f
n .b u t y l  Li and a c id  c h lo r id e  ( l 7 l ) »
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i  O n
-Method. 3 .  (N aH /2,6-d ich lo r o b e n r .o y l  c h lo r id e  )
A s t i r r e d  m ixture o f  a lc o h o l  (172; l 60mg., 1 .14m m ol.) and 
NaH (60^ su sp en s io n :  112m g., 3mmol.) i n  H a-dried  e th e r  (5^1*) was 
r e f lu x e d  under a n i t r o g e n  atmosphere f o r  l 8h .  A d d it io n  o f
2 . 6 -d ic h lo r o h e n z o y l  c h lo r id e  ( 171; 3Q0mg., 1 . 35^ m ol.)  and 
r e f l u x i n g  f o r  a f u r t h e r  4h .  gave a m ixture c o n ta in in g  none o f  th e  
d e s ir e d  e s t e r ,  a s  determ ined  hy t . l . c .
R e p e t i t i o n ,  u s in g  th e  h ig h e r  h o i l i n g  e t h e r s ,  THF or  
d im ethoxyethane, gave s im i la r  r e s u l t s *
T . l . c .  50/' e t h y l  a c e t a t e :  p e t r o l ,  R*f* 0*67 (m), 0 .6 2  (m ),
0*5? (m ), 0 .4 8  ( s ) .
Kethod 4 * ( io n -ex ch a n g e  r e s i n / 2 , 6-d ic h lo r o h e n z o ic  a c id  )
General p r o c e s s :  A m ixture o f  a lc o h o l  ( 172) ,
2 . 6- d ic h lo r o h e n z o ic  a c id  ( l 8 4 ) , and ion -cxchange r e s i n  was s t i r r e d
i n  a s u i t a b l e  s o l v e n t .  R ea c t io n  p r o g r e s s  was m onitored  hy t . l . c .
and, a t  an ap p ro p r ia te  s t a g e ,  was term in ated  hy f i l t r a t i o n  o f  th e
r e a c t i o n  m ixture through C e l i t e .  The f i l t r a t e  was washed w ith
5^ NaHCCL, h r in e ,  d r ie d  over HgSO., and evaporated  to  g iv e  crude  
3 ■
p r o d u c t .  P u r i f i c a t i o n  was e f f e c t e d  hy treatm ent w ith  hexane and 
f i l t r a t i o n  through C e l i t e  to  remove a c id ,  fo l lo w e d  hy dry-column  
chromatography (Grade 5 n e u tr a l  alumina; hexane) and
c r y s t a l l i s a t i o n .
E s t im a te s  o f  r e a c t i o n  y i e l d s  were ob ta in ed  f o r  th o s e  c a s e s  
where p ro d u cts  were not a n a ly sed  hy u se  o f  the form ula  b e lo w .  
wE = ( wt .He ) / (K s  + r .F A) where ws = weight o f  e s t e r  (m g.)  
wT= t o t a l  w eight o f  product (mg.)
F and M.= m o lecu lar  w e ig h ts  o f  e s t e r  ('175) an& a c id  ( l 8 d )  
*E A ----  -----
r  = r a t i o  o f  a c id  ( 1 8 4 ) t o  e s t e r  ( 175) •
The r a t i o ,  r ,  was determ ined from th e  n .m .r .  spectrum o f  the
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- c r u d e  p r o d u c t  m i x t u r e *
The results from these experiments arc summarised below*
R e a c t io n  no. 1 2 3 4 1 .  £ J 8 2 10 j j .
a lc o h o l  mg. 140 140 140 140 140 1400 140 140 140 140 140
a lc o h o l  mmol. 1 .0 1 . 0 1 .0 1 .0 1 .0  1 0 .0 1 .0 1 .0 1 . 0 1 .0 1 .0
a c id  mg. , 260 260 210 200 210 2050 290 191 191 210 210
a c id  rnrnol. 1 .36 1 .3 6 1 .1 1 .0 4 1 .1  1 0 .7 1 .5 1 .0 1 .0 1*1 1 .1
I .E .R .  mg. 80 50 45 45 45 560 45 40 40 45 45
s o lv e n t B' B B B B B B THF THF E e/ h
s o lv e n t  m l. 10 5 4 4 *4 40 4 4 4 4 4
tem perature °C 25 45 r e f l u x  25 29 25 25 25 55 25 25
tim e h. 48 72 21 114 114 114 * 21 18 18 21 21
crude p rod . mg. 197 157 - 161* 177*1438* 162* - - — -
$  y i e l d 63 50 - 52* 56* 46* 52* - - - -
pure p rod . mg. - 79 - - -  1121 - - - - -
$  y i e l d - 25 - - -  36 - - - - -
m .p. 74.9-7S.O °C 7 5 .0 -7 6 .0 °C
T . l . c .  ( 50^ e t h y l  a c e t a t e :  p e t r o l ) o f  crude p r o d u c ts .
R . f  • 1 2 3 4 5 6 7 8 9 10 11
? 0 .7 4 e 0 0 o O • 0 0 O 0
e s t e r  0 .6 5 O O 0 O 0  O O 0 0 0 0
a lc o h o l  0 .4 7 O 0 0 0 0  0 e 0 0 0 0
? 0 .4 1 0 e
a c id  0 .1 0 0 0 0 0 0 0 9 0 0 0 ...Q.
NOTES: (l) I.E*R. = Novjex 50W X-8, 20-50 U.S. mesh.
(2) solvents: B = benzene, E ether, E/H = 3^ ether/hexane
(3) * indicates value calculated from n.m.r. spectrum.
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Because of the low yields obtained in these attempts, 
control experiments were performed using ion-exchange methods. 
These vrere monitored by t.l.c. and showed that esterification 
was in competition with acid—ce.talysed hydrolysis of the ester 
and with npolymerisatioii’ of the alcohol* The experiments 
comprised mixtures of the reaxtants and product in which one 
had been omitted, as below*
R e a c t io n  no* 
a lc o h o l  mg, 
a c id  mg, 
e s t e r  mg,
I .E .R .  mg.
s o lv e n t s  b en zen e ,  s o lv e n t  v o l .  4ml,- tem perature 25~C, tim e lOOh.
Experiment 1 was a normal e s t e r i f i c a t i o n ,  g iv i n g  s im i l a r  
r e s u l t s  t o  th o se  o b ta in e d  b e f o r e .
Experiment 2 showed th e  appearance o f  a sp o t  a t  R .f*  0*74  
( .p r e v io u s ly  observed  in  e s t e r i f i c a t i o n  a ttem p ts)  and in d ic a t e d  
t h a t  i t  vra.s a r i s i n g  from th e  i n s t a b i l i t y  o f  th e  a lc o h o l  ( 172 ) 
under th e  r e a c t io n  c o n d it io n s *  Presumably, t h i s  was due t o  
a c i d - c a t a l y s e d  p o ly m e r is a t io n  o f  the a lco h o l*
Experim ents 3 and 4 in d ic a t e d  th a t  th e  e s t e r  was l i a b l e  to  
h y d r o ly s e  under th e  r e a c t io n  c o n d i t io n s ,  as  ev id en ced  by th e  
appearance o f  s p o ts  a t  R .f*  0 .4 7  and 0 .1 0 ,  corresp on d in g  t o  th e  
a lc o h o l  (172 )  and a c id  ( 184) ,  r e s p e c t i v e l y .
( i i )  6 -m eth y l c y c l o h e x - 2 - e n - l - y l  2 ,6 -d ic h lo r o b e n z o a te s  (3 9 ,  S i )  • 
Method 1 .  (p y r id in e /2 ,6 - d ic h lo r o b e n z o y l  c h lo r id e 1^)
E s t e r i f i c a t i o n 1  ^ o f  a m ixture o f  methyl c y c l o h e x - 2 - e n - l - o l s  
( 9 6 ,  59$$ 9 7 ,  ?7$$ 1S§, 14$$ 115mg., l . “05mmol.) w ith  2 , 6 - d i c h l o r o -
1 1 1  1
140 140
205 -  205
144 144
56 56 5^ 56
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b en zo y l c h lo r id e  ( 28o . m g . , 1 . 30nmolJ) rave 42mg. ( l / $  y i e l d )  o f
e s t e r  m ix tu re .
(cm*"1 ) 1755 (v s ,-v C = 0 >, 1285, 1160 ( s , v C - 0 ) ,  810 ,
790 (m, v  C-C l) .
T . l . c . p e t r o l ,  R . f .  0 .0 5  (w ) ,  0 .1  ( v s ) ,  0 .2  (w ) .
10$ e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .2  (w ) ,  0 .4  ( v s ) ,
0 .6  (w ) .
ch loroform  (o n  AglJC^-impregnated s i l i c a ) ,  R . f .  0 .6  (w ) ,
0 .7 5  ( v s ) ,  0 .8  ( w) .
G . l . c .  a ttem p ts  t o  chromatograph th e  e s t e r s  on v a r io u s
columns f a i l e d  (columns u s e d : -  2$ Carbowax 20M. 1 .5 $  
QF1, 1$ SE30).
P u r i f i c a t i o n  o f  th e  e s t e r  m ixture was a ttem pted  by p . I . e .
( 10$ e t h y l  a c e t a t e :  p e t r o l )  but t h i s  f a i l e d  to  s e p a r a te  th e  
m ixture i n t o  i t s  e s t e r  components, a lthough  i t  d id  s erv e  t o  
remove im p u r i t i e s  from th e  m ix tu re .
V a r io u s  a ttem p ts  were made to  sep a ra te  th e  e s t e r  m ixture  
o b ta in ed  by p . l . c .  but a l l  were u n su c c e s s fu l?  methods u s e d : -
(1 )  p . l . c .  on AglTO^-impregnated s i l i c a ;  ch loroform ,
( 2 ) m u lt ip le  development p . l . c . ;  x 5 ; 10$ e t h y l  a c e t a t e :  p e t r o l ,
( 3 ) c r y s t a l l i s a t i o n - f r o m  v a r io u s  s o lv e n t s  or "from th e  m e lt” ,
( 4 )  column chromatography on a c e t y l  c e l l u l o s e ;  p e t r o l .  
-R e p e t i t io n  o f  th e  e s t e r i f i c a t i o n  r e a c t io n  gave a s im i l a r
m ixture o f  e s t e r s ,  a f t e r  p . l . c .  p u r i f i c a t i o n .
I . r .  a s  above.
N .m .r .  (lOOKHz.) &7-30 (3H, s ) arom atic  H
5 .9 2  ( 2H, complex)
5 . 5 - 5 . 3  (1H, 3 te o a d  s)  
2 . 2 - 1 . 5  (5H, complex)
CHOCOAr o f  th r e e  e s t e r s
v i n y l  H
CH, CH2
1 . 2 - 1 . 1  (3H, 3 o v er la p p in g  d, J=6H z .)  CH3
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( i i i )  i r o n s  6- i s o p r o p y l  c y c lo h e x -2- e n - l - y l  2 , 6 - d i  c h i  or ob e n z o a t  e ( 4 0 ) 
Trans 6- i s o p r o p y l  c y c l o h e x - 2 - e n - l - o l  (99; 700m g., 5 .0m m ol.)
was e s t e r i f i e d 1 ' w ith  2 , 6-d ich lorc"bcnzoyl c h lo r id e  ( 1 7 1 ; l * 2g , ,  
5 *7mmol.) in  dry p y r id in e  ( 2 . 5m l . )  t o  g iv e  crude p r o d u ct ,  p u r i f i e d  
hy dry-colum n chromatography (Grade 3 n e u tr a l  al.umina; hexane) and 
p , l , c ,  ( 10$  e t h y l  a c e t a t e :  p e t r o l )  t o  g iv e  288mg. o f  e s t e r .  
R e c r y s t a l l i s a t i o n  (x 3 )  from 4 0 -6 0 °  petroleum  e th e r  gave 232mg.
(15$  y i e l d )  o f  t r a n s  e s t e r  (4 0 )  m,p, 6 7 *0- 6 7 *6°G ( l i t e r a t u r e 14 
m .p, 6 6 .5 -6 7 * 2 ° C ) .
I  * r , (cm \  0C1^) 3030 (vr, vO-H, a lk e n e ) ,  1740 ( v s ,  i/C=0 ) ,
1280 , 1150 ( v s ,  v C - 0 ) •
N .m .r . (lOOMHz.) 67*26  (3H, s )  arom atic  H
5 .8 3  (2H, complex) v i n y l  H
5*61 (1H, hroad, wi =15Hz.) CHOCOAr
2
2 . 2 - 1 , 2  ( 6H, complex) CH, CH^
0 .9 9  (6H, two d, J=6H z .)  (C H ^C H
* ^ a t  m/e 312 . Cl i s o t o p e  peaks a t  m/e 314 ,  316 ,
T . l . c . 10$ e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .5 0 .
R ed u ction  o f  th e  e s t e r  w ith  LAH, in  e t h e r ,  rave 99$ pure  
t r a n s  6—is o p r o p y l  c y c l o h e x - 2 - e n - l - o l  ( 9 9 ) ,  3S d e te c te d  "By g . l . c .  
( C a p i l la r y  Carbowax 20M; 90°C; n it r o g e n  7 p * s * i* ,  R * i .  1620)
( i v )  c i s  6- isopror>yl c y c lo h e x - 2- e n - l - y l  2 , 6-d ich loro -b enzoate  ( 82 ) .  
B ecause o f  th e  d i f f i c u l t y  in v o lv e d  in  o b ta in in g
s t e r e o c h e m ic a l ly  pure c i s  6- i s o p r o p y l  c y c lo h e x -2- e n - l - o l  ( 9 8 ) ,  
some o f  th e  e s t e r i f i c a t i o n  attem p ts  used  c i s / t^ an s  a lc o h o l
m ix tu res  ( 9§ ,  99 )*
Method 1 .  ( p y r i d i n e / 2 , 6-d ich loro-benzoyl c h lo r id e )
A ttem pted e s t e r i f i c a t i o n 14 by adding a c id  c h lo r id e  (171;
96m g., 0 . 42mmol.) t o  a m ixture o f  a lc o h o ls  ( 9 8 , c i s ,  77$ :  9 9 ,
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t r a n s , 23$) in  dry p y r id in e  ( 0 . 2m l . )  was o n ly  p a r t ia l ly /  
s u c c e s s f u l •
T . l . c . 5Of- e t h y l  a c e t a t e :  p e t r o l ,  R .f*  O.6 9  (m, e s t e r ) ,  O.5 7  
(m, c i s  a l c o h o l ) ,  0 .5 3  (w, t r a n s  a l c o h o l ) .
F u rther  h e a t in g  f o r  24h. and fu r th e r  a d d i t io n  o f  a c id  
c h lo r id e  made l i t t l e  s i g n i f i c a n t  d i f f e r e n c e .
R e p e t i t i o n s  o f  th e  r e a c t io n  a t  25°C f o r  4-8h., a t  60°C f o r  6h .  
and 100°C f o r  4 h . were s i m i l a r l y  u n s u c c e s s f u l .
R e p e t i t i o n  o f  th e  r e a c t io n  in  a s e a le d  tube a t  60°C f o r  lOh. 
f a i l e d ,  even  a f t e r  a d d i t io n  o f  a fu r th e r  e q u iv a le n t  o f  a c id  
c h lo r id e  ( l 7 l ) and h e a t in g  f o r  a fu r th e r  lOOh.
A ttem pts  t o  s e p a ra te  th e  e s t e r  m ix tu res  o b ta in ed  ( i n  l e s s  
than 15$  y i e l d s )  by c r y s t a l l i s a t i o n ,  or t . l . c . ,  or column 
chromatography a l s o  f a i l e d ,  a lthough  the  e s t e r s  were se p a r a b le  
from th e  a l c o h o l s  by p . l . c .
F u r th er  e s t e r i f i c a t i o n  a t te m p ts ,  t h e r e f o r e ,  used  pure c i s
a .lcohol ( 98 ) r a th e r  than  c i s / t r a n s  m ix tu r e s .
Thus, c i s  a lc o h o l  (985 2 0 n g . ,  0 .14m m ol.) ,  a c id  c h lo r id e  ( 1 7 1 ; 
30m g., O.145mmol.) and p y r id in e  ( 56^1 . )  were h e a te d  t o  50°C f o r  
2h . A f u r t h e r  15mg. (0.077mmol) o f  a c id  c h lo r id e  was added and 
h e a t in g  was resumed f o r  2h .  l la -d r ie d  benzene ( 200 )^1 . )  was added 
and th e  m ixture s t i r r e d  a t  25°C f o r  l 8h .  The m ixture was a c i d i f i e d  
w ith  5$ HC1 th en  e x t r a c te d  w ith  e t h e r .  The e th e r  e x t r a c t  was 
washed w ith  b r in e ,  5$ NaHCO^, d r ie d  over MgSO^, and evap ora ted  to  
g iv e  40mg. o f  crude p ro d u ct ,  c o n ta in in g  e s t e r  ( 8 2 ) ,  a lc o h o l  ( £ § ) ,  
a c id  ( 1 8 4 ) and a n 'u n id e n t i f i e d  compound. F u rth er  washing w ith  
5$ NaHCOy fo l lo w e d  by dry-column chromatography (Grade 1 b a s ic  
alumina; h e x a n e ) ,  gave l lm g .  o f  crude e s t e r .  P u r i f i c a t i o n  by 
p . l . c .  ( 50$ e t h y l  a c e t a t e :  p e t r o l )  gave* 6mg. (13$ y i e l d )  o f  a lm ost
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pure e s t e r .  Repeated a ttem p ts  t o , c r y s t a l l i s e  t h i s  f a i l e d .
I «r «~ (cm**1 , CCl^ s o lu t io n )  1740 ( v s ,  -yC=0), 1270 , 1140
( v s , i / C - 0 ) ,  p lu s  im p u rity  hands ( s e e  b e lo w ) .
50$  e t h y l  a c e t a t e s  p e t r o l ,  R . f .  O.6 9  ( v s ) ,  0 .6 0  (v w ) ,
0 .5 7  (vw ).
R e p e t i t i o n  o f  t h i s  on a la r g e r  s c a le  (200mg. a lc o h o l )  gave  
314mg. o f  crude p ro d u ct ,  t o  which 5^1 . o f  alumina—d r ie d  pentane  
was added. The f i l t r a t e  ob ta in ed  from passage  o f  t h i s  through  
C e l i t e  was shown to  c o n ta in  e s t e r ,  p lu s  im p u r i t i e s .  P . l . c .  o f  
170mg. o f  t h i s  f r a c t i o n  ( 30^ e t h y l  a c e ta te s  p e t r o l ,  double  
developm ent) gave 93mg. o f  a lc o h o l - c o n t a in in g  m ixture and 70mg. 
o f  crude e s t e r .  P u r i f i c a t i o n  by dry-column chromatography  
(Grade 1 b a s i c  alumina; ether.) gave 5^mg. o f  e s t e r  which c o u ld  
n ot be c r y s t a l l i s e d .  R e p e t i t io n  o f  th e  p . l . c .  s te p  s t i l l  f a i l e d  
t o  g iv e  pure e s t e r .
I . r . (cm \  CCl^ s o lu t io n )  1740 ( s , v C = 0 , e s t e r ) .  As
had been  p r e v io u s ly  found, th e  i n t e n s i t y  o f  t h i s  band 
was l e s s  than th a t  o f  hydrocarbon bands. A lso  p r e s e n t  
was a s t r o n g ,  u n id e n t i f i e d  band a t 1150- 9 5 0 .
T . l . c .  50$? e t h y l  a c e ta te s  p e t r o l ,  R . f .  O.6 9  ( v s ) ,  0 .6 0  (w ) ,
0.57 (-w).
The a lc o h o l - c o n t a in in g  f r a c t i o n  i s o l a t e d  from p . l . c .  above  
was r e t r e a t e d  w ith  a c id  c h lo r id e  and p y r id in e  and s t i r r e d  a t  room 
tem peratu re  f o r  12 d a y s .  Work-up and p u r i f i c a t i o n ,  as  b e f o r e ,
gave 22mg. o f  e s t e r - c o n t a i n i n g  product b u t ,  once a g a in ,  i t  proved
im p o s s ib le  t o  p u r i f y  th e  e s t e r  c o m p le te ly .
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Method 2 .  ( N a F l / 2 , 6- d i c h lo ro b en zo y l c h lo r id e  ) .
A m ixture o f  c i s  a lc o h o l  (9 &3 29mg., 0 .21m m ol.)  and NaH 
( 6 C f fo  su sp e n s io n  i n  benzene; 9mg., 0.22njmol.) i n  N a -d r ied  e th e r  
( 4m l . )  was r e f l u x e d ,  w ith  s t i r r i n g ,  under a n i t r o g e n  atm osphere,
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f o r  30min. A s o lu t io n  o f  2 ,6 -d ic n lo r o b e n z o y l  c h lo r id e  (171; 3 2m g., 
0 . 22mmol.) i n  e th e r  was added, and th e  r e s u l t i n g  m ixture r e f lu x e d  
f o r  l h , ,  th en  s t i r r e d  a t  25°C f o r  48h . T . l . c .  exam in ation  o f  th e  
r e a c t io n  a t  each s ta g e  showed o n ly  s t a r t i n g  m ater ia l*
R e a c t io n s  u s in g  3 e q u iv a le n t s  o f  NaH or 1*33 e q u iv a le n t s  o f  
100^ NaH were s i m i l a r l y  u n s u c c e s s f u l ,  as  were a ttem p ts  u s in g  THF 
or dim ethoxyethane as  s o l v e n t s .
1'lethod 3 * ( io n -ex ch a n g e  r e s i n / 2 , 6- d ic h lo r o b e n z o ic  a c i d ) 
A lco h o l m ixture ( 9 8 , c i s , 53^ 5 92 , t r a n s , 47/*-; 75mg*, 
O*54mmol*.), 2 , 6-d ic h lo r o h e n z o ic  a c id  (184; 113mg*, O.59mmo l* )  and 
20mg. o f  Dowex 50W X-8  ion -exch an ge  r e s i n  were s t i r r e d  i n  2ml. o f  
N a -d r ied  “benzene a t  25°C. The r e a c t io n  was m onitored  “by t . l . c .
No r e a c t i o n  occu rred  u n t i l  th e  m ixture was r e f lu x e d  ( a f t e r  4 8 h . ) .  
E a r l i e r  a d d i t io n s  o f  25mg. c f  a c id  ( l8 4 ;  a f t e r  2 0 h .)  and 20mg. o f  
io n -ex ch a n g e  r e s i n  ( a f t e r  28h . ) had f a i l e d  to  cau se  e s t e r i f i c a t i o n *  
A fte r  100h .  (=52h. a t  r e f l u x ) , the  m ixture was f i l t e r e d  through  
C e l i t e  and th e  f i l t r a t e  ev a p o ra ted . Hexane was added t o  th e  
r e s id u e ,  which was th en  a llow ed  t o  stand f o r  2h .  b e fo r e  b e in g  
f i l t e r e d  through C e l i t e  t o  g iv e  105mg. o f  crude p r o d u c t .  Dry— 
column chromatography (Grade 3  n e u tr a l  alumina; hexane) gave 74mg. 
( 44$  y i e l d )  o f  p r o d u c t ,  com pris ing  e s t e r  ( 65$ )  and u n i d e n t i f i e d  
im p u rity  ( 3 5 $ ) .  Attem pts to  c r y s t a l l i s e  t h i s  from v a r io u s  
s o l v e n t s  or "from th e  m e lt” were u n s u c c e s s f u l ,  a s  were s e p a r a t io n  
a ttem p ts  by p . l . c .
I . r . (cm"1 ) 3040 (w, yC -H , a lk e n e ) ,  1740 ( v s ,y C = C ) ,
1270 ,  1145 ( s , v C - 0 ) ,  800 , 775 ( s ,  v  C - C l ) .
N .m .r . ( a )  e s t e r
6 7*3 (3H, s )  arom atic  H
5 . 9 - 5 . 4  (3H, complex) ^ v i n y l  H, + CHOCOAr
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2 * 2 - 1 .2  ( 6H, complex) • CH, 0H?
0 .9  ( 6H, d , J=6H z . ) (c H3 ) 2c H
(b) im p u r ity =3 5$?* two reson an ces  a t  7«1- 6 .1  and
2 . 2- 1 .2  ( r e l a t i v e  i n t e n s i t i e s  1 : 5 , both  v e r y  complex)
H. s . K+ a t  m/e 3 1 2 . ^ C 1 i s o t o p e  peaks a t  3 1 4 , 3 1 6 .
T . l . c . 50$' e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .6 9
R e p e t i t i o n  o f  th e  r e a c t i o n ,  u s in g  70mg. a lc o h o l  m ix tu re ,
106mg. o f  a c i d ,  and 25mg. o f  ion -cxch an ge  r e s i n  i n  3m l. b en zen e ,  
under r e f l u x  f o r  1 4 4 h . ,  gave 109mg. o f  crude p r o d u c t .  D ry-  
column chromatography gave 58mg. ( 37$ y i e l d )  o f  e s t e r - c o n t a i n i n g  
m ix tu r e .  As above, t h i s  proved t o  be in s e p a r a b le .
A ttem pts  t o  perform th e  e s t e r i f i c a t i o n  r e a c t io n  i n  o th e r  
s o l v e n t s  met w ith  no s u c c e s s . -  H exam ethylphosphortriam ide, THF 
and e th e r  a l l  gave o n ly  s t a r t i n g  m a t e r ia l s ,  as d id  a ttem p ts  to  
u s e  o th e r  io n -ex ch a n g e  r e s i n s  (A m berlite  120 , A m berlite  C -5 0 ) .
Method 4« ( t r i f l u o r o a c e t i c  a n h y d r id e /2 ,6- d ic h lo r o b e n z o ic  a c id )  
C is  a lc o h o l  (9§5 20m g., 0 .1 4 m m o l.) ,  a c id  ( l 9 4 ; 27m g .,0 .14m m ol.) 
and t r i f l u o r o a c e t i c  anhydride ( l 8 5 ; 0 . 2m l . , 1 . 8mmol.) were s t i r r e d  
a t  25°C f o r  l h .  The s o lu t io n  was added to  c o l d ,  d i l u t e  HaOH and 
e x t r a c te d  w ith  b en zen e .  Washing w ith  w ater , d ry in g  over  HgSO^, 
and e v a p o r a t io n  gave 7mg. o f  p ro d u ct ,  ap p aren tly  th e  a l l y l i c  
t r i f lu o r o a - c e t a t e  (186 )  and t r a c e s  o f  e s t e r  ( 82 ) .
I , r . (cm- 1 ) 1780 ( s , y C = 0 ,  t r i f l u o r o a c e t a t e ) , 1740  
(m, vC=0 , e s t e r )
T . l . c .  50$ e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .7 3  ( s ) ,  O.6 9  (m ).
The r e a c t i o n  was r e p e a te d ,  t h i s  t im e forming th e  mixed  
anhydride b e fo r e  a d d i t io n  o f  th e  a,l*cohol. The a„cid ( l8 4 ;  27mg.,
0 .14m niol.)  was s t i r r e d  in  77/>l« (O .56mmol.) t r i f l u o r o a c e t i c  
anhydride ( 1 8 5 ) f o r  20h . E x cess  (CF3G0)20 was blown o f f  by
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n i t r o g e n ,  and c i s  a lc o h o l  (985 20m g., 0 . 14mmol.) in  benzene  
( 0 . 5m l . )  was added. The m ixture was s t i r r e d  f o r  2 h . ,  b a s i f i e d  
w ith  d i s t i l l e d  w ater c o n ta in in g  a few  drops o f  5f  ITaJICCy and 
e x t r a c te d  w ith  e t h e r .  Washing w ith  w ater , d ry in g  over MgSO^, 
and e v a p o r a t io n  gave 35mg .  o f  crude product shown t o  "be a m ixture  
oT t r i f l u o r o a c e t a t e  and th e  d e s ir e d  e s t e r ,  the  l a t t e r  i n  to o  
sm all  a q u a n t i ty  t o  he u s e f u l .
I_*r. (cm 3040 (w, vC -H , a lk e n e ) ,  1780 ( s ,  vC =0 ,
t r i f l u o r c a c e t a t e ) , 1740 (m ,vC =C, e s t e r ) ,  1270 (m,
*vC-0, e s t e r ) ,  1210, 1150 ( v s ,  v C -0 ,  t r i f l u o r o a c e t a t e ) .
T . l . c . 5Of e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .7 3  ( v s ) ,  0 .6 9  (m).
Method 5* ( d ic y c lo h e x y l  ca„rb od i-im id e/2 ,6- d ic h lo r o b e n z o ic  r c id )  
C is  a lc o h o l  (9§? 20mg., 0 .14m m ol.) ,  2 , 6-d ic h lo r o b e n z o ic  a c id  
(1845 27m g., 0 . 14m nol.)  and d ic y c lo h e x y l  ca rh o d i- im id e  ( 1 8 5 ; 25m g.,
0 .14m m ol.)  were s t i r r e d ,  a t  25°C, under a n i t r o g e n  atm osphere, in  
1ml. o f  c - 2^C^2 (Pr e “^:r‘^ ei  ^ ^  p assage  through a Grade 1 b a s ic  
alumina co lum n). The r e a c t io n  vras monitored hy t . l . c .  and shown 
t o  g iv e  o n ly  t r a c e s  o f  e s t e r ,  even a f t e r  12 d a y s .
( v )  6- t e r t . b u t y l  c y c lo h e x -2- e n - l - y l  2 , 6 -d ic h lo r o b e n z o a te s  ( 415 5 3 ) .
Method 1 • ( p y r i d i n e / 2 , 6-d ic h lo r o b e n z o y l  c h l o r i d e )
E s t e r i f i c a t i o n "  o f  c i s  6- t e r t .b u ty l  c y c l o h e x - 2 - e n - l - o l  ( 100 ; 
50mg.) gave l lm g .  o f  m ixture shown t o  be predom inantly  u n rea c ted  
s t a r t i n g  m a te r ia l  w ith  o n ly  t r a c e s  o f  e s t e r .
R e p e t i t i o n ,  on a la r r e r  s c a l e ,  a t  100°C f o r  3 h . ,  gave s im i la r  
r e s u l t s .  P . l . c .  s e p a r a t io n  ( lO f  e th y l  a c e ta te :  p e t r o l )  o f  t h i s  
m ixture gave 13mg. o f  e s t e r - c o n t a in i n g  f r a c t i o n  which r e s i s t e d  
a ttem p ts  t o  p u r i f y  i t  by fu r th e r  p . l . c .  (benzene) and by  
c r y s t a l l i s a t i o n .
1 , r . (cm”1 ) 1740 (m, n/C=0), 1280 (m,-y C - o ) ,  p lu s  im p u r ity
b an d s•
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R e p e t i t io n  o f  th e  r e a c t i o n ,  i n  a se a le d  tu b e ,  a t  60°C, f o r  
4 h . ,  was e q u a l ly  u n s u c c e s s f u l .
When th e  r e a c t io n  was performed a t  85°C f o r  7 2 h . ,  o n ly  
i n t r a c t a b l e  t o r s ,  shown by t . l . c .  and i . r .  t o  c o n ta in  n e i t h e r  
s t a r t i n g  m a te r ia l  nor d e s ir e d  p ro d u ct ,  cou ld  b e  o b ta in e d ,  even  
a f t e r  re p e a te d  e th e r  e x t r a c t i o n  o f  th e  a c i d i f i e d  r e a c t io n  m ix tu re .
The m ix tu re ,  i t s e l f ,  was chromatographed on a Grade 3 n e u tr a l  
alumina column and e l u t e d  w ith  pentane b u t ,  a g a in ,  n e i t h e r  e s t e r  
nor a lc o h o l  was o b ta in e d .
A ttem pts  t o  e s t e r i f y  an a lc o h o l  mixture c o n ta in in g  58/  o f  
t r a n s  6 - t e r t . b u t y l  c y c l o h e x - 2 - e n - l - o l  ( lO l)  by u se  o f  th e  s e a le d  
tube method f a i l e d  t o  produce any e s t e r  (a s  d e t e c t e d  by i . r .  and 
t . l . c . )  a f t e r  r e a c t io n  f o r  l 8 h .  a t  room tem p eratu re , f o l lo w e d  by 
4 h .  a t  60 °C.
Method 2 .  ( n .b u t y l  L i /2 ,6 - d ic h lo r o b e n z o y l  c h lo r id e )
U sin g  p roced u res  -developed in  th e  study o f  th e  e s t e r i f i c a t i o n  
o f  th e  model cqmpound, l ^ ^ - ^ r i m e t h y l  c y c l o h e x - 2 - e n - l - o l  ( 1 7 2 ; p . 1 0 7 ) 
s ,  1 0 /  w/v s o l u t i o n  o f  c i s  6- t e r t  .b u t y l  c y c lo h e x -2 —e n - l - o l  ( lOO) i n  
LAH-dried THF was t r e a t e d  w ith  n .b u ty l  Li and 2 , 6-d ic h lo r o b e n z o y l  
c h lo r id e  ( 1 71 ) .  No e s t e r i f i c a t i o n  occu rred , o n ly  s t a r t i n g  
m a te r ia l  b e in g  d e t e c t a b le  by t . l . c .
b .  Other e s t e r s .
( i )  c i s  6- i s o p r o p y l  c y c lo h e x - 2- e n - l - y l  3 , 5- d in i t r o b e n z o a t e  ( 8 4 ) 
E s t e r i f i c a t i o n  o f  a m ixture o f  c i s  and t r a n s  6- i s o p r o p y l  
c y c l o h e x - 2 - e n - l - o l  ( 9 8 , c i s , 77f; 99, t r a n s ,  23f? w ith
3 , 5 - d in i t r o b e n z o y l  c h io r id e /p y r id in e  gave 3*55g* (®2f y i e l d )  o f  
e s t e r  m ix tu r e .  F r a c t io n a l  r e c r y s t a l i i s a t i o n  from hexane g a v e ,  
a f t e r  4 r e c r y s t a l l i s a t i o n s ,  1 .4 4 g .  (54# r e c o v e r y )  o f  c i s  e s t e r  ( 8 4 ) .
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The mother l i q u o r s  from th e  c r y s t a l l i s a t i o n s  v,*ere c o n c e n tr a te d  
and c r y s t a l l i s e d .  Cornhination o f  t h e s e  T-rith th e  'Hon crop" 
gave a t o t a l  o f  1 . 82f*. ( 68 !^ r e c o v ery )  o f  c i s  6 —is o n r o n y l  
c y c l o h e x - 2-* e n - l -y l  3 ^ —d in itr o h e n z o a te  (845 97*5^ c i s )  m.p.
1 0 2 . 6 - 1 0 3 . 2°C,
I ^ r .  (cm ^ ^ 4  s o lu t io n )  3105 (w, -vC-H, aromatic),*
3040 (w, *vC-H, a l k e n e ) , 1730 ( s ,  v C = o ) ,  1630 (vr, vC =C ),  
1550 , 1340 ( v s ,  v a r y l -U 0 2 ) ,  1270 , I I 65 ( s , v C - 0 ) .
N .m .r . (lOOTSIz.) &9 .1 5  ( 3H, complex) arom atic  H
6 .0 4  (2H, complex)
5 .5 8  ( lH ,  "broad complex, w.=8Hz . )
~z
2 . 2 - 1 . 2  ( 6H, complex)
1 .0 6  (3H, d , J=6H z . )
0 .9 7  (3H, d , J=6H z .)
H . s . M+ a t  m/e 3 3 4 .
%
T . l . c . 30^ e t h y l  .a c e ta te :  p e t r o l ,  R . f .  0 .7 0
G . l . c . A nalysed a s  6- i s o p r o p y l  c y c lo h ex —2 - e n - l - o l  ( 9 8 , 9 9 ) -  
product from LATI r e d u c t io n .
C a p i l la r y  Carbovrax 201!; 110°C; n i t r o r e n  7p»s*i*>
R . i .  ( £ ) ,  1555 (9 7 * 5 ) ,  1^20 ( 2 . 5 ) .
A n a l y s i s .  Pound: C, 57*455 H, 5*4; N, 8 . 5 f .  Ci6^ l8^2^6
r e q u ir e s  C, 57*5$ H, 5*45? 8 .4£«
^ C  IT.m.r. ( 2 5 .2!!Hzo) p .p .m . d ovm fie ld  from (CH^)^Si 
16 2 .163  ( s ,  C-10) ,  148 .786  ( s ,  C -1 3 ,1 5 )
135 .226  (d ,  C -2 , Jr = 60H z.) ,  1 8 4 .6 4 2  ( s ,  C - l l ) ,
129*384 (d,  C -1 2 ,1 6 ,  J = 90H z.) ,  1 2 3 .8 4 5  (d,  C-3 ,
*  4
J = 6 0 H z .) ,  122 .25?  (d ,  0 - 1 4 i Jr = 9 0 H z .) ,  7 1 .0 0 1  
(a ,  C -1 , Jr = 55H z.) ,  44 .9 4 7  (a* c - 6 ) ,  28.919 (a ,  c - 7 ) ,  
26 .5 3 1  ( t ,  C -4 ) ,  21.290, 20.916,  2 0 .6 7 6  ( c - 5 , 8 , 9 ) .
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( i i )  t r a n s  6- i s o p r o p y l  c y c lo h e x - 2- e n - l - y l  3 , 5-d in itr o 'b e n z o a te  ( 85 ) ,  
E s t e r i f i c a t i o n  o f  6- i s o p r o p y l  c y c l o h e x - 2 - e n - l - o l  ( 9 8 , c i s ,
41$5 9 9 j t r a n s , 59?*? 3 *0 2g . )  v:ith 3 , 5-c lin itro 'b en zoy l c h l o r i d e /  
p y r id in e  gave 6 .775c* (94/* y i e l d )  o f  crude p ro d u ct .  F r a c t io n a l  
c r y s t a l l i s a t i o n  from hexane g a v e ,  a f t e r  3 r e c r y s t a l l i s a t i o n s ,
2 .2 5 g .  (60^t re c o v e r y )  o f  t r a n s  e s t e r  ( 85) ,  m .p. 7 9 .1 ”79.8°C  
( l i t . 102 m .p. 7 9 .7 - 8 0 . 7 ° C ) .
I . r . (cm 1 , CCl^ s o lu t io n )  3100 (m ,y C -H , ary 1 ) ,  3040  
(w, vC -H , a lkene)' ,  1735 ( s , v C = 0 ) ,  1630 (m ,v C = C ),
1550 , 1340 ( v s ,  v a r y l - N 0 o) ,  1270 , I I 65 ( s , v C - 0 ) .
N .m .r . (l00?THz.) £9 * 1 5  (3H, complex) arom atic  H
5*98 ( lH , complex) v i n y l  H
5*65 (2H, complex) v i n y l  H, CHOCOAr
2 .2 -r l .2  ( 6H, complex) CH, CH^
1 .0 5  (3H, d , J=6H z .)  CH^
O.97  ( 3 H , d ,  J=6H z .)  CH3
. M .s . M+ a t  m/e 33 4 .
T . l . c .  30^ e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .7 0
G . l . c .  A nalysed as  6- i s o p r o p y l  c y c l o h e x - 2 - e n - l - o l  ( 9 8 , 99) “ 
product from LAH r e d u c t io n .
C a p i l la r y  Carbowax 20!-!; 110°C$ n i t r o g e n  7 p . s . i .
R . i .  (£■), 1555 (2 ) ,  1620 (98).
^ C  N .m .r .  (2 5 .2 I rH z .)  p .p .m . d ow n fie ld  from ( C H ^ S i
162 .572  ( s ,  C-10) ,  148 .756  ( s ,  C -1 3 ,1 5 ) )
1 3 4 .531  ( s ,  C - l l ) ,  133 .060  (d , C -2 ,  Jr =56H z.)j
1 2 9 .4 8 3  (d ,  C - 1 2 , l 6 ,  Jr =85H z .) ,  1 2 5 .401  (d ,  C -3 ,
Jr * 5 6 H z .) ,  122 .309  (d ,  C -14, Jp= 8 5 H z.) ,  7 4 .5 7 5  (d ,
C - l ,  J = 5 0 H z .) , 4 4 .1 3 0  (d ,  C-6 ) ,  27 .226  (d ,  C - 7 ) ,
’  r
2 4 .7 3 8  (-t, c - 4 ) ,  2 1 .1 0 7  ( t j  c - 5 ) ,  2 0 . 7 6 7 , 17-955  
(q, c - 8 , 9 ) .
1 2 0
( i i i )  c i s  6 - i s o p r o p y l  c y c l o h e x - 2 - c n - l - y l  2 , 4 - d i c h l o r o h c n z o a t e  ( 8 6 )
2 , 4-E ic h lo r o b e n z o ic  a c id  was r e c r y s t a l l i s e d  from e t h a n o l .  
Treatment w ith  o x a ly l  c h lo r id e  ( s e e  p .1 0 5 ) gave 2 , 4 - d i c h l o r o ­
b en zo y l c h lo r id e  ( l 88 ) ,  b .p .  139-41  °C/21mm.
I . r . (CCl^ s o lu t io n )  1795c "^"1 (s ,- i /C = 0 ) .
T . l . c .  305? e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .55*
Method 1 . ( p y r id in e /2 ,4 - d ic h lo r o b e n z o y l  c h lo r id e )
A m ixture o f  c i s  6- i s o prop y l c y c l o h e x - 2 - e n - l - o l  ( 9 8 ; 20mg.,
0 . 14m m ol.) ,  2 , 4-d ic h lo r o b e n z o y l  c h lo r id e  ( l 88 ; 29mg., 0 . 14m m ol.) ,  
and p y r id in e  ( 56^1.) was s t i r r e d  i n  a s e a le d  tube, a t  25°C, f o r  3h .  
E x cess  p y r id in e  was blown o f f  w ith  n i t r o g e n  and th e  r e s i d u a l  s o l i d  
ta k en  up i n  e th e r  ( 5m l . )  and washed w ith  w a t e r , . c o n ta in in g  10 drops  
o f  y f o  HC1, w a ter ,  c o n ta in in g  10 drops o f  5$ NaHCO ,^ and w a ter .
The e th e r  e x t r a c t s  were d r ie d  over MgSO  ^ and evaporated  by a stream  
o f  n i t r o g e n  t o  g iv e  27mg. o f  crude p ro d u ct .  Dry-column  
chromatography (Grade 1  b a s ic  alumina; e th e r )  gave l 8m~. o f  
c o l o u r l e s s  o i l .
I . r .  (cm”1 , CCl^ s o lu t io n )  1735 ( s , v C = 0 ) ,  1710 ( s ,  ? ) ,
1280 , 1120 (m ,v  C - 0 ) .
N .m .r .  showed reso n a n ces  ex p ected  f o r  e s t e r  ( 86 )
£ 7 . 7 - ( l H ,  d o f  d, J=8 , 1H z.) HA
7 .3  (1H, d o f  d , J=2, 1H z.) ^
7 .1  (1H, d o f  d, J=8 , 2Hz.) Hg
5 .9  (2H, complex) v i n y l  H
5 .4  (1H, complex) CHOCOAr
2 . 2 - 1 . 2  ( 6H, complex) CH, CH2
0 .9  ( 6H, d , J=6H z .)  (CH3 ) 2CH
a ls o  showed im p urity  bands ( 25??) -  arom atic  r e so n a n ces  
as  above (3H) p lu s  a l ip h a t i fc  re so n a n ces  ( 2 . 2 - 1 . 2 ,  6H ).
M .s. K*" a t  m/p 312 .
T . l . c . 30y e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .6 0
alumina; 50^ e t h y l  a c e t a t e :  p e t r o l ,  R .f'. 0 . 7 .
R e p e t i t i o n  o f  t h i s  r e a c t io n  gave -che same r e s u l t s .  A ttem pts  
t o  se p a r a te  th e  u n id e n t i f i e d  im p u rity  from th e  d e s ir e d  e s t e r  by 
c r y s t a l l i s a t i o n  from v a r io u s  s o lv e n t s  were u n s u c c e s s fu l  a s  were 
a ttem p ts  t o  a ch iev e  a chrom atographic s e p a r a t io n  by dry-colum n  
or f c . l . c .  t e c h n iq u e s .
Method 2 .  (TTaH/2,4-dichlorobenso3''l c h lo r id e )
A m ixture o f  c i s  6 - i s o p rop y l c y c l o h e x - 2 - e n - l - o l  (9 8 ;  20mg.,
0 .14m m ol.)  and NaH (lOOJt; 7 ^ g .j  O.28mmol.) i n  1m l. o f  N a -d r ied  
e t h e r  was s t i r r e d  f o r  2 4 h . ,  a t  25°C, under a n i t r o g e n  atm osphere.
A s o l u t i o n  o f  2 , 4 -d ic h lo r o b e n z o y l  c h lo r id e  ( l 8 8 ; 30mg., 0 .142m m ol.)  
i n  1m l. o f  e th e r  was added over  l h .  and s t i r r i n g  was c o n t in u e d  
f o r  4 d a y s .  A fu r t h e r  2ml. o f  e th e r  was added and th e  m ixture was 
>jashed w ith  2ml. water., dried' over KgSO^, and chromatogrammed on 
Grade 1 b a s i c  alum ina t o  g iv e  20mg. o f  p rod u ct ,  which was f u r th e r  
se p a r a te d  by p . l . c .  ( 3 0 f  e t h y l  a c e t a t e :  p e t r o l )  t o  g iv e  6mg. o f  
e s t e r —c o n t a in in g  f r a c t i o n .  Once a g a in ,  however, th e  e s t e r  was 
contam inated  w ith  an in s e p a r a b le  im p u r ity .
I . r . , n .m .r . , t . l . c . a s  above
Method 3 .  ( t r i f l u o r o a c e t i c  a n h y d r id e /2 ,4 -d ic h lo r o b e n z o ic  a c id )  
A s o l u t i o n  o f  2 ,4 -d ic h lo r o b e n s o ic  a c id  ( 1 9 0 ; 29mg., 0 .144m m ol.)  
i n  (CF^CO)^0 (1855 80 1 ,  O.58mmol.) was s t i r r e d  i n  a s e a le d  tube  
a t  25°C f o r  3 d a y s .  The e x c e ss ,  anhydride was th en  blown o f f  w ith  
a stream  c f  n i t r o g e n ,  and 6—i s o p rop y l c y c lo h e x —2—en—1—o l  (9§? 20mg.,
0 .14m m ol.)  was added and s t i r r i n g  was con tin u ed  f o r  5 h . The 
mixturfe vras tak en  up i n  e th e r  and washed w ith  w a te r , c o n ta in in g  
lp  drops o f  %  NaHCOy F i l t r a t i o n  through a 2 x 0 .5cm. column o f
1 2 2
Grade 1 "basic alumina gave l 6mg. of. p ro d u ct ,  predom inantly  th e  
t r i f l u o r o a c e t a t e  ( l 86 ) .
I  >r. (cm \  ^Cl^ s o lu t io n )  3040 (w, -yC-H, aU kene),
1785 ( v s ,  v C = o ) ,  1220, 1160 ( v s ,  vC-O) •
T . l . c , 3 0 e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 . 6 2 .
( i v )  c i s  6- i s o p r o p y l  c y c lo h e x - 2- e n - l - y l  p -n i t r o h e n z o a te  ( 8 7 ) .
A m ixture o f  c i s  6 - i s o p r o p y l  c y c l o h e x - 2 - e n - l - o l  (9 § ;  lOOmg.,
0 .7m m ol.)  and p -n i t r o h e n z o y l  c h lo r id e  ( l4 0 m g . ,  O.75mmol.) i n  
p y r id in e  (500  l )  was s t i r r e d ,  a t  room tem p era tu re ,  f o r  l h .  The 
m ixture was e x tr a c te d  w ith  e t h e r ,  which was washed w ith  d i l u t e  
HC1, w a ter ,  d r ie d  over KgSO^, and evaporated  t o  g iv e  crude p ro d u c t .  
R e c r y s t a l l i s a t i o n  from hexane gave 80mg. o f  pure e s t e r  ( 8 7 ) ,  
m .p. 8 3 .7 -8 4 .5 ° C .
I . r .  (cm \  CCl^ s o lu t io n )  3040 (w, vC -H , a lk e n e ) ,
1725 ( v s ,  v C = 0 ) , 1345 ( s ,  v a r v l -N 0 2 ) .
N .m .r .  (lOOHHs.) . 6 8 . 3 2  (4H, d o f  q ,  J=9* lK z . )  arom atic  H
6 .1 8  (2H, complex) v i n y l  H
5 .5 6  (1H, "broad s ,  w^ = 8 H z . )  CHOCOAr
2 . 3 - 1 . 2  ( 6H, complex) CH, CH^
0 .9 6  ( 6H, two d, J=7Hz.) (CH3 ) 2CF
M .g. N+ a t m/e 2 8 9 .
T . l . c .  50£ e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .6 8
G . l . c . A nalysed  as  6- i s o p r o p y l  c y c l o h e x - 2 - e n - l - o l  ( 9 8 ,  99) -  
product from LAH" r e d u c t io n .
C a p i l la r y  Carbowax 2011; 110°C5 n i tr o g e n  7 p . s . i .
R . l .  ( £ ) ,  1555 (? E * 5 ) .  '6 2 0  ( 1 - 5 )
A n a ly s t  nr Found C, 6 6 .1 ;  H, 6 .65  F , 5 . 0 $ .  C ^H  110^  r e q u ir e s  
C, 6 6 .4 ;  H, 6 . 6 ; F, 4
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P a r t  B .  S y n t h e s i s  o f  a u t h e n t i c  H—( a l k y l  e . y c l o h c x y l )  p i p e r i d i ? i e s
1* Hydro.yene.tion o f  a lk y l  p h e n o ls .
The appropriate alkyl, phenol (20g#) was hydrogenated over
P t 0 2 ( i g . )  i n  a c e t i c  a c id  (2 0 0 m l . ) ,  a t  p r e s s u r e s  from 1 5 -5 0
a tm osph eres , a t  room tem perature# Ilhen hydrogen uptake had
c e a s e d ,  th e  c a t a l y s t  was removed "by f i l t r a t i o n  through C e l i t e ,
th e  f i l t r a t e  was h a s i f i e d  w ith  6lT HaOH, and e x tr a c te d  w ith  e th er#
The e th e r  e x t r a c t s  were washed w ith  "brine, d r ie d  over K^CO^, and
evap ora ted  t o  g iv e  crude p rod u ct ,  which was u sed  d i r e c t l y  or
p u r i f i e d  "by d i s t i l l a t i o n #
£
(a) Thus, hydrogenation o f 2 - iso propyl phenol (102) gave, a fte r  
d i s t i l l a t i o n ,  1 1 .Og. (53$ y ie ld )  o f a mixture (b .p . 66-68°C/30mm.) 
o f 2-isop rop yl cyclohexanone ( i l l ; 23$), c i s  2-isopropyl 
cyclohexanol ( 141? 6 4 $ )9 and trans 2-isopropyl cyclohexanol (l3B; 
13$)* as-analysed  "by g . l . c #
H ydrogenation  o f  4 - i s o p r o p y l  phenol (199) gave 10#4g# (50$  
y i e l d )  o f  a m ixture ("b#p# 105-106°C/30mm#) o f  4 - i s o p r o p y l  
cy c loh exan on e  ( 2 0 5 ; 5$)* 2 1 3  4 - i s o p r o p y l  cy c lo h ex a n o l  (201; 45$) > 
t r a n s  4 —is o p r o p y l  c y c lo h ex a n o l  ( 203 ; 4 6 $ ) ,  and an u n i d e n t i f i e d  
compound (4 $ )*  as a n a ly sed  "by g . l . c .
A lso  o b ta in ed  from hyd rogen ation  o f  4 - i s o p r o p y l  phenol ( l9 9 >  
was 4 . 1 g .  (22$  y i e l d )  o f  is o p r o p y l  cvc loh exan e ( 2 2 l ) ,
The s p e c t r o s c o p ic  and chromatographic data  f o r  t h e s e  m ix tu res  
are  no^ rep orted#  A ppropriate in fo rm a tio n  may "be o b ta in ed  trom 
th e  d a ta  g iv e n  f o r  th e  sep a ra te  compounds ( s e e  l a t e r ) #
1 2 4
"b.p. 4-8-4 9°C/30mri.
I « r . 1380 , 1365cm 1 (m, -vC-C, is o p r o p y l  d o u b le t )
N .m .r , 1 . 8 - 1 . 0  ( l2 H , complex) CH, CH.2
( ch3 ) 2ch0 .9  ( 6H, d , J=6H z .)
( c )  H ydrogenation  o f  2 - t e r t . b u t y l  phenol (103) gave 17*8g .
(86£ y i e l d )  o f  u n d i s t i l l e d  m ixture c o n ta in in g  2 - t e r t . b u t y l  
cy c lo h ex a n e  ( 222; 17^ ) ,  2 - t e r t . b u t y l  cyclohexanone ( 1 1 2 ; 37 /-) ,  
c i s  2 - t e r t .b u t y l  c y c lo h e x a n o l  ( 1 4 2 ; 37 /0  5 t r a n s  2 - t e r t . b u t y l  
c y c lo h e x a n o l  ( 1 3 9 , 6 5 ) ,  and an u n i d e n t i f i e d  compound (3 /0 *
2 .  P r e p a r a t io n  o f  a lk y l  c y c lo hexanones.
The a p p ro p r ia te  a lk y l  c y c lo h e x a n o l  or a lc o h o l /k e to n e  m ixture  
(from h y d ro g en a t io n  o f  th e  corresp on d in g  a lk y l  p h en o l)  was 
d i s s o l v e d  in  app rox im ate ly  15 volum es o f  a c e to n e ,  and t i t r a t e d  
viith SIT Jon es  rea g e n t*  a t  0 -5 °C . When o x id a t io n  was co m p le te ,  
w ater (lOOrnl.) was added and th e  s o lu t io n  was e x t r a c te d  w ith  
e t h y l  a ,c e ta te .  The combined organ ic  e x t r a c t s  were washed w ith  
w ater and 5$> w/v NaHCOy d r ie d  over and evap orated  t o  g iv e
crude p r o d u c t ,  which was p u r i f i e d  by d i s t i l l a t i o n .
( a )  O x id a t io n  o f  4 -m eth y l c y c lo h ex a n o l  (2 0 0 ,  202; 2 0 g . ,  51*' c i s , 
49^ t r a n s ) gave 9 . 2 g .  (47#  y i e l d )  o f  4 -m ethyl cyclohexanone ( 2 0 4 ) ,  
b .p .  55- 56 ,°C/24mm.
I . r .  1719cm”*1 (v s ,-v C = 0 )
N .m .r . & 2 . 5 - 2 . 2  (4K, complex)
2 . 0- 1 .3  ( 5H, complex)
1 .1  (3H, d , J=7Hz.)
CH2 , oc t o  C=0 
CH, CH2
See l a t e r  f o r  a n a l y s i s  o f  in d iv id u a l  compounds»
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K . s . II+ a t  m/e 1 1 2 .
^ » l» c > 5 0 /  e t h y l  a c e t a t e :  p e t r o l ,  R . f .  O.5 8 .
G « l . c . C a p i l la r y  Carbowax 20!:; 70°C; n i t r o g e n  l O p . s . i .
R . i . 1305 .
(b )  O x id a t io n  o f  a m ixture o f  2 - i s o propy l cyclohexa,nol
and 2- i s o p r o p y l  cyclohexanone ( 7g . , 77*1 a l c o h o l ,  23^ k e to n e )  gave  
4 . 1g .  ( 59?- y i e l d )  o f  2- i s o propyl, cyc lohexanone ( i l l ) ,  
b .p .  8l-82°C/20mm.
I « r . 1710cm  ^ (v s ,-v C = 0 )
N .m .r . <£2.5-1*5 (lOH, complex) CH, CH^
0 .0  ( 6H, d , J=6H z . ) (CH3 ) 2CH
M .s.  1!+ a t  m/e 1 4 0 .
T . l . c .  5Of e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0*75
G . l . c . C a p i l la r y  Carbowax 201!; 110°C; n i t r o g e n  7 ? * s . i .
R . i .  1425
( c )  O x id a t io n  o f  a m ixture o f  4 - i s o p r o p y l  c y c lo h e x a n o l  and 
4 - i s o p r o p y l  cyclohexanone ( 8g . ,  9l f  a l c o h o l ,  5f  k e to n e )  gave 5 *8g .
( 7 3 f  y i e l d )  o f  4 - i s o p r o p y l  cyclohexanone ( 2 0 5 ) ,  b .p .  90-91°G/20mm.
I . r . 1715cin~^ ( v s ,  vC=o)
N .m .r . &2.2 (4H, complex ) 9S 2 * oc t o  C=0
2 . 1 - 1 .5  (6H, complex) CH, CH2
0 .9  (6H, d , J= 6H z.) (ch3 ) 2ch
M .s. M+ a t  m/e 140 .
T . l . c .  5 0 f  e t h y l  a c e t a t e :  p e t r o l , R . f .  0 .6
G . l . c .  C a p i l la r y  Carbowax 20H; 100°C; n itr o g i
R . i .  (j£), 1545 ( 9 6 ) ,  1575 ( 4 ) .
(d )  O x id a t io n  o f  a m ixture o f  2 - t e r t .b u ty l  c y c lo h e x a n o l  and
2 - t e r t . b u t y l  cyclohexanone (17£ * j 4 3 f  a l c o h o l ,  37 f  k e to n e )  gave
1 1 . 6 g .  (69f, y i e l d )  o f  2 - t e r t .b u t y l  cyclohexanone ( 1 1 2 ) ,
1 2 6
b .p .  9 3 -9 4 °c/28mm.
I . r . 1710cn  ^ ( v s ,v C = o )
N .m .r . 6 2 . 3 - 1 . 2  (9H, complex) CH, CH2
1 .0  (9H, s )  (CH3 ) 3C
M .e. I!+ a t  m/e 1 5 4 .
G « l . c . C a p i l la r y  Carbouax 20K; 120°C; n it r o g e n  7 p . s . i .
R . i .  ( £ )  1410 ( 9 7 ) ,  1525 ( 3 ) .
3 .  LAH red u ct io n ,  o f  a lk y l  cy c lo h ex a n o n es .
G eneral method -  s ee  p .  95
( a )  LAH r e d u c t io n  o f  2-m ethyl cyclohexanone ( 1 1 0 ; 6 g . )  gave  
5 . 2 g .  (86*?- y i e l d )  o f  2-m ethyl c y c lo h ex a n o l (1 4 0 ,  c i s , 30f?; 137 ,  
t r a n s , 70^ ) ,  b .p .  l6 6 - l6 7 ° C .
I . r . (cm"*, CCl^ s o lu t io n )  3630 ( s ,* v 0 - H ) ,  1068 , 1050 ,
1040 ( s ,  t r a n s ,y C -0 ,& C -H ),  980 (m, c i s ,  v C - 0 ,6 0 - H ) . 
N .m .r .  £ 3 * 7  (0 .3 H , bro^nd s ,  v;1=8Hz.) c i s  CHOH
3 .3  (1H, s ,  D O - e x . )  OH
3 -0  (0 .7H , broad s ,  Ki=21Hz.) t r a n s  CHOH
2 . 0 - 1 . 3  (9K, complex) CH, CH^
1 .0  (3H, d , J=6Hz.) CH3
K .s .  K+ a t m/e 114 .
G . l . c .  C a p i l la r y  Carbowax 20H; 70°C5 n itr o g e n  l O p . s . i .
R . i .  1370
1 0 ?  PEGA;*55°C$ argon 40ml.min  ^ (on  Pye Argon 
chrom atograph), R . t .  5 .6  min.
(b )  LAH r e d u c t io n  o f  2 - i s o p r o p y l  cyclohexanone ( i l l ;  l* 5 g * )  gave
l - 4 5 g -  ( 975> y i e l d )  o f  2 - i s o p r o p y l  cyc lo h ex a n o l (1 4 1 ,  c i s ,  40?:;
1 3 8 , t r a n s , 6Oy).
1 2 7
I_*r. (err, J') 3350 ( s ,  v O -K ),  1050 ( s ,  t r a n s , -vC-0,SC-H),
960 ( s ,  c i s ,  -vC-0,&C-H).
!•!.m .r . 4*0 (0 .4H , broad c ,  Wi=8Hz.) c i s  CHOH
3*3 (0 .6H , broad s ,  Wjj=22Hz.) t r a n s  CHOH
2 . 0 - 1 . 0  (lOH, complex)
1 .7  ( lH , s ,  D^ O e x . )
CZ2
OH
( ch3 ) 2ch
K .s .
0 .9  (6H, two d , J=6Hz.)
H+ a t  m/e 142 .
G . l . c . C a p i l la r y  Carbowax 2CII; 110°C; n i t r o g e n  7 p * s . i .
R . i .  (f.‘) ,  1510 ( 4 0 ) ,  1540 ( 6 0 ) .
( c )  LAH r e d u c t io n  o f  4 - i s o p r o p y l  cyclohexanone (205; 2 . 8 g . )  gave  
2 . 8 g .  (9851 y i e l d )  o f  4 - i s o p r o p y l  c y c lo h ex a n o l  ( 2 0 1 , c i s , 16£;
2 0 3 , t r a n s ,  8 4 f ) .
I . r . (cm *) 3350 ( v s , t / 0 - H ) ,  1050 ( v s ,  t r a n s , v  C-0,SQ-H) , 
960 (w, c i s , v C -0 ,£ 0 -H ) .
N.m.r. ^3.9 (lH, s ,  D90 ex . )
3.9 (0 .16H , broad s ,  Wi=8Hz.)
3*4 (0 .84H , broad s ,  Wi=22Hz.)
2 . 0 - 1 . 0  (lOH, complex)
0 .9  (6H, d, J=6Hz.)
H.s .  K+ a t  m/e 142 .
G . l . c .  C a p i l la r y  Carbowax 20M; 120°C; n i t r o g e n  7 p » s . i .
R . i .  ( £ ) ,  1595 ( 1 6 ) ,  1625 (84) .
(d ) LAH r e d u c t io n  o f  2 - t e r t .b u t y l  cyclohexanone (112; 5 g . )  gave  
4«9£* ( 9 6 f  y i e l d )  o f  2 - t e r t  .b u ty l  c y c lo h ex a n o l  ( ] 4 2 ,  c i s ,  47^;
1 3 9 , t r a n s ,  53^?).
I . r .  (cm~^, CCl^ s o lu t io n )  3620 (vr, v O -H ) ,  1050 (m, t r a n s ,
vC -0,6C -H ) , 960 (m, c i s ,  v C -C ,6 o -H ) .
N .m .r .  64*1 (O .46H, broad s ,  Wi=8Hz.) c i s  CHOH
OH
c i s  CHOH 
t r a n s  CHOH 
CH, CH2 
(ch3 ) 2ch
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3 .3  (0 .54H , "broad s ,  wi=22Hz.) t^r.ns CHOH
2 , 0 - 1 . 1  (9H, complex) CH, CH^
0*97 (4.9H, s )  -trans (CH )„C
  3 o
0 .9 4  (4 .1H , s )  c i s  (CK^)^C
+  /H . s . K a t  m/e l p 6 .
G . l . c . C a p i l la r y  Carbowax 2011; 120°C; n i t r o g e n  7 p . s . i .
R . i .  ( $ ) ,  1545 ( 4 7 ) ,  1570 ( 5 3 ) .
R e c r y s t a l l i s a t i o n  o f  a sample from 6O-8O0 petro leum  e th e r  
gave t r a n s  2- t e r t . h u t y l  cy c lo h e x a n o l  (1395 99+a pure hy g . l . c . ) ,  
m .p. 8 4 .5 -3 5 . i °C  ( l i t . 102 m .p. 8 4 . 5 - 8 5 . 0 ° c ) .
( e )  LAH r e d u c t io n  o f  4 - t e r t .hu t;/!  cyclohexanone ( 206 ; 1 0 g . )  gave  
9*8g . (97/- y i e l d )  o f  4 - t e r t  .h u t y l  c y c lo h ex a n o l (207  , c i s , 12^;
2 0 8 , t r a n s ,  88£ ) .  R e c r y s t a l l i s a t i o n  from 4 0 -6 0 °  p etro leum  e th e r  
gave t r a n s  4 - t c r t . h u t y l  c y c lo h ex a n o l  ( 208; 98-^ pure hy g . l . c . ) ,  
m .p. 8 l . l - 8 2 . 0 ° C  ( l i t .  mip. 8 0 .5 ° C ) .
I . r .  (cm , CCl^ s o l u t i o n )  3615 (m ,-yO -E ), 1060 ( s , v C - o , S o - H )
N .m .r . 3 .4  ( lH ,  hroad s ,  Wi=22Hs.) t r a n s  CHOH
1 .9  (4H, complex) H, oc t o  OH
1 .5  (1H, s ,  D o 0  e x . )  OH
1 .1  (5H, complex ) CH, CH^
0 .9  (9H, s )  (c H3 ) 3c
H . s . K+ a t  m/e 1 5 6 .
G . l . c .  C a p i l la r y  CArtjowas 20'"; 120°C5 n i tr o g e n  7 p . s . i .
R . i .  (£ )>  1640 ( 1 . 5 ) ,  1670 ( 9 8 . 5 ) .
4 .  S e l e c t r i d e  r e d u c t io n  o f  a lk y l  cyc loh exan ones
S e l e c t r i d e  = l i t h iu m  t r i - s e c . h u t y l  horchydride  
A l O f  m / ' t  s o l u t i o n  o f  th e  app rop ria te  a lk y l  cycloh exan one in
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N a-dr ied  e th e r  was added, dropvri.se,. to  a s t i r r e d  s o l u t i o n  o f  
Li ( sec  ."butyl )^BH in  e th e r /? ! !? .  S t i r r i n g  was co n t in u ed  f o r  30min. 
a f t e r  a l l  th e  k eton e  had been added, then  th e  e x c e s s  S e l e c t r i d e  
was h y d ro ly sed  by c a u t io u s  a d d i t io n  o f  w ater ,  th e  s o l u t i o n  was 
b a s i f i e d  by a d d it io n  o f  61! NaQH, and th e  in te r m e d ia te  organoborane  
o x id i s e d  by t i t r a t i o n  w ith  2 7 .5 $  ^2°2* When o x id a t io n  was 
co m p le te ,  any e x c e s s  p ero x id e  was d e s tro y ed  by a d d i t io n  o f  sodium 
m e ta b is u lp h ite  and th e  s o l u t i o n  was then  e x tr a c te d  w ith  e t h e r .
The e th e r  e x t r a c t s  were washed w ith  NaHCO ,^ w a ter ,  and HC1, b e fo r e
b e in g  d r ie d  over KgSO^, and ev a p o ra ted . The crude product was 
p u r i f i e d ,  and sep a ra ted  from s e c .b u t a n o l , by d i s t i l l a t i o n .
( a )  S e l e c t r id e  r e d u c t io n  o f  2 -m ethyl cyclohexanone ( l l O ;  5 « 6 g . ) ,  
a t  0°C, gave 2 * lg .  (35$ y i e l d )  o f  c i s  2-m ethyl c y c lo h e x a n o l  ( 1 4 0 ) ,
b . p .  6 l-62°c /40m m .
I . r . (cm"1 ) 3400 ( v s , y O - H ) ,  9^0 ( s ,  c i s ,  v C - 0 ,£ 0 - H ) .
N .m .r . 3 .7  ( lH ,  broad s ,  Wi = 8 H z . )  c i s  CHOH
3 .3  ( lH ,  s ,  3^0 e x . )  OH
1 . 7 - 1 . 2  (9H, complex) CH, CH2
1 .0  (3H, d , J=6Hz.) CH3
+  /M .s. M a t  m/e 114 .
G . l . c .  C a p i l la r y  Carbowax 20!!; 70°C; n i t r o g e n  l O p . s . i .
R . i .  1370
o o  S e l e c t r i d e  r e d u c t io n  o f  4 -m ethyl cyc lohexanone ( 2 0 4 ; 7 * 2 g . ) ,  
a t  -7 8 °C , gave 4 . 6 g .  (64$  y i e l d )  o f  .4 -m ethyl c y c lo h e x a n o l  (2 0 0 ,  c i s , 
91$; 202 , t r a n s , 9 $ ) ,  76-77°c/50mm.
I . r .  (cm”1 ) 3450 ( v s , v O - H ) ,  965 ( s ,  c i s ,  v C -0 ,& 0 -H ) .
N .m .r .  £ 3 .9  (0 .9 H , broad s ,  w^ = 8 H z . )  c i s  CHOH
3 .6  (1H, s ,  H20 e x . )  OH
3 .4  (0 .1 H , broad s ,  Wi_=22H».) t r a n s  CHOH
1 3 0
3 . 9 - 1 . 3  (9H, complex) ' CH, 0 } J
1 . 0  (3H, s )  CH3
H.s* M+ a t  m/e 114 .
G . l . c . C a p i l la r y  Carbovrax 20!'; 90°G5 n i t r o g e n  7 p . s . i .
R . i .  ( £ ) ,  1400 ( 9 1 ) ,  141? ( 9 ) .
( c )  S e l e c t r id e  r e d u c t io n  o f  2 - i s o propyl cyclohexanone ( i l l ;  2 . 3 g . ) ,  
a t  -78  C, gave 1 . 4 g .  (60^: y i e l d )  o f  c i s  2—i_soprcnyl c y c lo h e x a n o l  
( l ^ l ) , b .p .  73-74°C/20mm., m.p. 5 1 .0 -5 1 .6 °C  ( l i t . 210 m .p .5 0 - 5 0 .5°C)
I . r . (cm”1 ) 3350 ( s , - v O -H ) ,  960 ( s ,  v C - C ,6 0 -H)
N .m .r . 6 4 . 0  ( lH ,  broad s ,  w i=8Hz.)  ^ c i s  CHOH
2 . 0 - 1 . 2  ( l l H ,  complex, 1H D20 e x . )  CH, CH^, OH 
0 . 9  (6H, d o f  d, J=7Hz.) (CH3 ) 2CH
H . s . I4+ a t  m/e 1 4 2 .
G . l . c . C a p i l la r y  Carbox^ax 20N; 110°C; n i t r o g e n  7 p . s . i .
R . i .  1510
(d )  S e l e c t r i d e  r e d u c t io n  o f  4 - i s o p r o p y l  cyc lohexanone ( 2 0 ? ; 2 . 6 g . ) ,  
a t  -7 8 °C , gave 1 . 2 g .  ( 46? y i e l d )  o f  c i s  4 - i s o p r o p y l  c y c lo h e x a n o l  
( 2 0 1 ) ,  b . p .  8 4 -8 5 °c/20mm.
I ^ r . (cm- 1 ) 3350 ( v s ,  -yO-H), 960 ( s ,  vC -0,& 0-H )
N .m .r . £ 3 « 9  ( lH ,  broad s ,  xr^=8Hz.) c i s  CHOH
3 .6  ( lH , s ,  I>20 e x . )  OH
2.0 -1 .3*  (10H, complex) CH, CH2
0 . 9  (6H, d, J=6Hz.) (CH3 ) 2CH
H . s . V + a t  m/e 1 4 2 .
G . l . c .  C a p i l la r y  Carbowax 20!!; 120°C; n i t r o g e n  7 p . s . i .
R . i .  1595 .
( e )  S e l e c t r i d e  r e d u c t io n  o f  2 - t e r t . b u t y l  cyc lohexanone (112; 6 . 6 g . ) ,  
a t  0°C , gave 6 . 4 g .  (96£ y i e l d )  o f  c i s  2 - t e r t . b u t y l  c y c lo h e x a n o l  
( l 4 2 ) ,  m.p. 53«5-?4 .2°C  ( l i t .   ^ m.p. G .)
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(c n  1 , CCl^ s o lu t io n )  3630 (m, v O - H ) ,  96O ( s,vC -0,& 0-H )
N .m .r . § 4 .1  ( lK , broad s ,  Wi=8H z.)  c i s  CHOH
2 .3  ( lH , s ,  D?0 e x . )  OH
1 .9 -1 * 0  (9H, complex) CH, CH2
0*9 (9H, s )  (ch3 ) 3c
H . s . M+ a t  m/e 1?6 .
G . l . c . C a p i l la r y  Carbovrax: 20M; 120°C; n i t r o g e n  7 p . s . i .
R . i .  1545
( f )  S e l e c t r id e  r e d u c t io n  o f  4 - t e r t .b u ty l  cyc loh exan one  (206; 10g . ) ,  
a t  -7 8 °C , gave 9*8g . ( 9 ^  y i e l d )  o f  c i s  4 - t e r t .b u t y l  c y c lo h e x a n o l  
( 2 0 7 ) ,  m.p. 8 2 .0 -8 2 .8 °C  ( l i t . 211 m.p. 8 3 .5 ° C ) .
I . r . (cm 1 , CCl^ s o lu t io n )  3615 (m ,-vO -H ), 955 (s,vC-0,<S0-H)
N .m .r . &3.9 ( lH ,  broad s ,  wi_-8H z .)  c i s  CHOH
2 .3  ( lH ,  s ,  D20 e x . )  OH
1 . 9 - 1 . 2  (9H, complex) CH, CH2
0 .9  (9H, s )  ( cH3 ) 3C
M .s . M+ a t  m/e 1 5 6 .
G . l . c . C a p i l la r y  Carbowax 20!!;- 100°C; n i t r o g e n  7 p . s . i .
R . i .  1640
5* P r e p a r a t io n  o f  a lk y l  c y c lo h e x y l  to lu e n e —p -s u lp h o n a te s .
The ap p rop r ia te  a lk y l  c y c lo h ex a n o l  was t r e a t e d ,  a t  0°C, i^ th  
t o lu e n e -p - s u lp h o n y l  c h lo r id e  ( 1 .2  e q u iv a le n t s )  in  dry p y r id in e .  
When r e a c t io n  was com plete  ( t . l . c . ) ,  the  r e a c t i o n  m ixture was 
poured i n t o  i c e - c o l d  10^ KC1 and th e  a c id ic  s o l u t i o n  was th en  
e x t r a c te d  w ith  e t h e r .  The e th e r  e x t r a c t s  were washed w ith  NaHCO ,^ 
and w a ter ,  d r ie d  over  K^COy and evaporated  t o  g iv e  crude p r o d u c ts ,  
which were n u r i f i e d  by cry  s t a b i l i s a t io n ,  or u se d  d i r e c t l y .
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(a )  T o s y la t io n  o f  2-m ethyl c y c lo h ex a n o l  (1 4 0 ,  £ i c ,  30?; 137 ,  t r a n s ,
70?; 4*7g*) f^-ve 9*15s* (54? y i e l d )  o f  2-m ethyl cy c lo h ex y l.  t o lu e n c -
p -su lp h o n a te  ( 209 , c i s ,  30?; 2 1 0 , t r a n s ,  70? ) .
T o s y la t io n  o f  c i s  2 -m ethyl cy c lo h e x a n o l  (140; 2 g . )  pave 4*4g*
( 92?  y i e l d )  o f  c i s  2-m eth y l c y c lo h e x y l  to lu e n e -p -s u lp h o n a te  (209)«
2"! 2
m .p, 55»6-56*5°C ( l i t .  -  m .p .5 5 *6 °C)
I ^ r .  (cm"1 ) 1370 , 1350 ( s , ^ agS0 2 ) ,  U 8 5 , 1170 ( s , V gS0 2 )
N .m .r . 6 7*7 (211), 7*3 (2H) ^2^2 sy s ^em arom atic  H
4*6 (0 .3H , hroad s ,  W i = 8 H z . )  c i s  CHOTs
2
4 . 0  (0 .7H , hroad s ,  W:i.=20Hz.) t r a n s  CHOTso ~1"
2 .4  (3H, s )  CH, ( a rom atic )
2 . 1 - 1 . 0  (9H, complex) CH, CH2
0 .8  (3H, two d , J=6H z .) CH^
M .s . M+ a t  m/e 268 .
T . l . c . CHCl^j R . f .  0 .8  
W  T o s y la t io n  o f  4 -m eth y l c y c lo h e x a n o l  (2 0 0 ,  c i s , 50?; 2 0 2 , t r a n s , 
50? ;  2 0 p .)  pave 4 2 .2 g .  ( 90? y i e l d )  o f  4-m ethyl c y c lo h e x y l  t o l u e n e -  
p -su lp h o n a te  ( 2 1 1 , c i s , 5Of15 2 1 2 9 t r a n s , 50?)*
T o s y la t io n  o f  c i s  4 -m ethyl cy c lo h ex a n o l  (200; 4 « 3 g . ,  91? c i s ,
9? t r a n s ) pave 9*9p. ( 9 5 ?  y i e l d )  o f  c i s  4-m ethyl c y c lo h e x y l
to lu e n e -p - s u lp h o n a te  ( 211 ; 91? £ i s ,  9? t r a n s ) .
I . r . (cr._ 1 ) 1365 , 1355 ( s ,  v a s S02 ) ,  1160 , 1170 ( s , v y o 2 )
N .m .r .  &  7 .7  (2H ), 7*3 (2H) system  arom atic  H
4 . 7  (0 .5H , hroad s ,  wi=8Hz.) c i s  CHOTs
4 . 0  (0 .5 H , hroad s ,  Wi=20Hz.) t r a n s  CHOTs
2 .5  (3H, s )  (a ro m a tic )
2 . 1 - 1 . 1  (OH, complex) CH, CH^
1 .0  (3H, d , J=6H s.) “^ 3
M .s.  M+ a t  m/e 268 , and e l im in a t io n  peak a t  m/e 9 6 .
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T . l . c . 5 0 /  e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .6 7
( c )  T o s y la t io n  o f  2 - i s o propy l c y c lo h ex a n o l ( 1 4 1 , c i s ,  40^; 138,  
t r a n s ,  6 0 }  ; 1 . 4 g . )  gave a 70 :30  m ixture o f  th e  d e s ir e d  p ro d u ct ,
2 - i s o p rop y l c y c lo h e x y l  to lu e n e -p - s u lp h o n a te  ( 213 , c i s , 14^5 2 1 4 , 
t r a n s ,  8 6 f ) ,  and one o f  th e  s t a r t i n g  m a t e r ia l s ,  c i s  2 - i s o p r o p v l  
c y c lo h e x a n o l  ( l 4 l ) . Attem pts to  in c r e a s e  th e  e x te n t  o f  r e a c t io n  
o f  th e  c i s  a lc o h o l  were u n s u c c e s s f u l .
Tosyl?>tion o f  c i s  2 - i s o p r o p y l  cv c lo h ex a n o l (141; 0 . 8 g . )  gave 
a m ixture o f  th e  d e s ir e d  p rod u ct ,  c i s  2 - i s o p r o p y l  c y c lo h e x y l  
t o lu e n e - p - s u lp h o n a t e ,  t o g e th e r  w ith  s t a r t i n g  m a te r ia l  and t 'o lu en e -  
p -s u lp h o n ic  a c i d .  A ttem pts to  in c r e a s e  th e  y i e l d  o f  product  
were u n s u c c e s s f u l ,  a s  were a ttem p ts  t o  sep ara te  i t  from th e  o th er  
compounds hy washing vrith NaOH or NaHCO ,^ or by chromatography on 
s i l i c a  or alum ina. In  each c a s e ,  t o lu e n e -p - s u lp h o n ic  a c id  was 
formed i n  th e  s e p a r a t io n  proced u re , presumably by e l im in a t io n  from  
th e  to lu e n e - p - s u lp h o n a t e ,  once formed.
• I ^ r .  (cm- 1 , CC1 s o lu t io n )  3620 (vw, v O -H ),  1 3 7 0 , H 8 5 ,
1175 ( s , v S 0 2 ) ,  955 (m ,-vC -O .So-H ).
K.ra.r. J 7 . 8 . ( 2 H ) , 7  .3  ( 2H5 ^ 2 ^ 2  s-rs^en arom atic  H
4 . 9  (0 .1 H , broad s ,  Wi = 8 H z . )  c i s  GHOrf s
o  — —  ”
4 . 4  (0 .9 H , broad s ,  Wi=22Hz.) t r a n s  CHCfs
2 .4  (3H, s )  CH^  (a ro m a tic )
2 . 1 - 1 . 1  (10H, complex) CH, CH2
0 .9  (3H, d, J=7Hz. )  (CH3) 2CH
plus resonances corresponding to c i s  alcohol ( 1 4 1 ; P » -? l )  
M .s. No M+ for  toluene-p-sulphonate (2 1 3 ,  234) -  e lim ination
peak at m/e 124 .
T . l . c .  50f  e t h y l  a c e ta te : ,  p e t r o l ,  R . f .  0 . 9 ,  0 . 8 .
(d )  T osylation  of 4 -iscpropyl cyclohexanol (2 0 1 ,  c i s ,  16£; 203 ,
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t r a n s ,  8/ f ; 2 #5g . )  gave 5rT. ( 9 6 f  y i  e ld )  o f  4- i s o p r o n y l  c y c lo h e x y l  
to lu e n e -p - s u lp h o n a te  ( 22j j ,  c i s ,  17f$  216 s t r a n s , 83£ ) .
T o s y la t io n  o f  c i s  4 - i s o p r o p y l  c y c lo h ex a n o l (201? l . l r . )  gave  
2 . 1g .  ( 92  ^ y i e l d )  o f  c i s  4 - i s o p r o n y l  c y c lo h e x y l  to lu e n e -p - s u lp h o n a te  
( 2 15 ) ,  rn.p. 5 4 .3 -5 5 -0 °C  ( l i t . 14 m.p. 5 4 -5 4 ° c )
I « r . ( cm”1 , CC14 s o l u t i o n )  1350 , H 8 5 , 1170 ( v s ,  -ySOg)
N .m .r . 5 T .7  (2H ), 7 .3  (2H) AgBg system arom atic  H
4*7 (0 .17H , hroad s ,  Wi=8H z.)  c i s  CHOTs
4 . 3  (0 .83H , broad s ,  w1=22Hz.) t r a n s  CHOTs
2 “
2 .5  (3H, s )  CH^  (a ro m a tic )
2 . 0 - 1 . 1  (lOH, complex) CH, CH^
0 .9  ( 6H, d , J=6H z . ) • (CH3 ) 2CH
K . s . K+ a t  m/e 296 •
T . l . c .  ch loro form , R . f .  0 .6
( e )  A ttem pted t o s y l a t i o n  o f  2 - t e r t . b u t y l  cy c lo h ex a n o l  (1 4 2 ,  c i s ,
47/ > 1 3 9 , t r a n s , 5 3 / 0 -and o f  c i s  2- t e r t . b u t y l  c y c lo h e x a n o l  ( 142) 
was u n s u c c e s s f u l ,  o n ly  s t a r t i n g  m a te r ia l s  and d ecom p osit ion  
p ro d u cts  b e in g  r e c o v e r e d .
( f )  T o s y la t io n  o f  t r a n s  4 - t e r t .b u t y l  c y c lo h ex a n o l (2 0 8 ,  6g . )  gave
1 1 . 5g .  ( 97/S y i e l d )  o f  t r a n s  4 - t e r t .b u ty l  c y c lo h e x y l  t o l u e n e - p -  
su lp h on ate  ( 220) ,  m.p. 8 9 .1 -9 0 .0 °C  ( l i t . 1 ,  m.p. 8 7 . 5- 8 8 . 3°C) .
T o s y la t io n  o f  c i s  4 - t e r t . b u t y l  cy c lo h ex a n o l ( 207; 9 * 5 y . )  gave
1 8 . Og. ( 95/-' y i e l d )  o f  c i s  4- t e r t  .b u t y l  c y c lo h e x y l  t o l u e n e - p -
su lp h o n a te  ( 2 1 9 ) ,  ni.p. 7 9 * 0 -7 9 .8  C ( l i t .  4 m.p. 7 7 .5 -7 8 * 5  C ) .
I . r .  (cm"”1 , CCl^ s o lu t io n )  1370 , 1185 , 1170 ( s ,  vSO^)
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N .m .r . 6 7 . 7  ( 2 H ) , ’7 .3  (2H) AgBg. system Jab=8Hz . arom atic  H
4 . 7  ( lH ,  broad s ,  W!=8Hz.) c i s  CHOTsO —  —*
OR
4 .3  ( lH ,  broad s ,  Wi=20Hz.) t r a n s  CHOTs
2 .4  ( 3H, s )  -  CH3 (a ro m a tic )
2 , 0 - 1 . 1  (9H, complex)
0 .9  (9H, s )
K+ a t  m/e 3 1 0 .
CH, CH2
(ch3) 3c
6 .  S o l v o l y s i s  o f  t o l u e n e - p - s u l p h o n a t e  s': p r e p a r a t i o n  o f  a l k y l
c y c lo h e x y l  p ip e r id in e s #
NOTfls The g . l . c ,  p r o p e r t ie s  o f  th e  amine p r o d u c ts ,  on th r e e  
separa.te g . l . c .  colum ns, have a lr ea d y  been recorded  i n  T able  15
The ap p ro p r ia te  a l k y l - e y e lo h e x y l  to lu e n e -p - s u lp h o n a te  w a s 1 
r e f l u x e d  i n  r e d i s t i l l e d  p ip e r id in e  (2 .5 m l .  per l g .  o f  s u b s t r a t e )  
f o r  24h# The r e a c t io n  m ixture was a c i d i f i e d  w ith  d i l u t e  HC1, and 
e x t r a c t e d  w ith  e t h e r .  The e th e r  e x t r a c t s  were th en  d is c a r d e d  and 
th e  a c id  s o l u t i o n  was b a s i f i e d  w ith  d i l u t e  UaOH, and e x t r a c te d  w ith  
e t h e r .  The e th e r  f r a c t i o n  was washed w ith  b r in e ,  d r ie d  over F^COy 
and evan ora ted  to  g iv e  crude p ro d u ct ,  which was p u r i f i e d  by 
d i s t i l l a t i o n .
( a )  S o l v o l y s i s  o f  2 -m ethyl c y c lo h e x y l  to lu e n e -p -s u lp h o n a te  (2 0 9 ,
N—(2 —m ethyl c y c lo h e x y l )  p ip e r id in e  ( 1 9 1 , c i s ,  49/-? 1 9 2 , t r a n s , 51/ ) j
b . p .  l 6 0 - l 6 l ° 0 / 4 4  mm.
I . r .  (cm”1 , CC14 s o lu t io n )  1153, 1145, 1108, 1100 (m,-vC-N)
N .m .r .  6 2 . 8  (2H, complex) )
c i s ,  30^ *5 210 , t r a p s ,  70£; 8 g . )  gave 0 . 85g .  ( ! & ■ ’ y i e l d )  o f
2 .4  (2H, complex)
2 .1  ( lH ,  complex)
1 . 8 - 1 . 2  (15H, complex)
0 .9  (3H, d , J=6Hz.)
CH, CH2 a  to  N
M .s. M* a t  m/e l 8 l .
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T . l . c . on alumina; 50h e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .9 1
# ( t r a n s ) ,  O.65  ( c i s ) .
(b )  S o l v o l y s i s  o f  c i s  2 -m ethyl c y c lo h e x y l  t o lu e n e -p - s u lo h o n a te  
(2095 4 . O r.) yave 1 . 7 f .  (63/: y i e l d )  o f  I I - ( tr a n s  2-m ethyl C7J-clohr.ryl) 
p ip e r id in e  ( l ? 2 ) .
I » r . ,  n .m .r . , m .p. as in  (a )  ahove.
T . l . c . on alumina; 5O^’ e t h y l  a c e ta te :  p e t r o l ,  R . f .  0*91 .
( c )  S o l v o l y s i s  o f  4~methyl c y c lo h e x y l  t o lu e n e -p - s u lp h c n a te  (2 1 1 ,  
c i s , 50? ;  2 1 2 , t r a n s , 50^ 5 ' % • )  rave l . o ^ .  ( 33^ y i e l d )  o f
II-(4 -m eth y l c y c lo h e x y l )  p ip e r id in e  (1 9 3 ,  c i s , 5 6$  5 1 9 4 , t r a n s , 449)  
b . p .  170-171°c/44mm.
I . r . (cm , CC14 s o lu t io n )  1151, 1 145 , 1113 , 1097 (m, n/C-IT)
N .m .r . 6 2 . 7  ( lH , complex) )
2 .3  (3H, complex) ) CH, CH^octo N
2 .0  ( i l l ,  complex) ]
1 . 8 - 1 . 2  (15H, complex) CH, CH2
0 .9  (3H, d , J=6H z .)  _ CH3
H . s . K+ a t  m/e l 8 l .
T . l . c .  on alumina; 5 0^ e t h y l  a x e ta te :  p e t r o l ,  R . f .  0 .7 1
( c i s ) , 0 .6 0  ( t r a n s )
(d )  S o l v o l y s i s  o f  c i s  4 -m ethyl c y c lo h e x y l  to lu e n e -p - s u lp h o n a te  
(2 1 1 ,  c i s ,  91 f ;  8r . )  fa v e  1.7^* (3 2 f  y i e l d )  o f  N -(4 -m eth y l  
c y c lo h e x y l )  p ip e r id in e  (1 9 3 ,  211 1^ 5 t r r 'n s > 86f ) ,  h .p .  
120- 121° C / l 8mm.
I . r . , n .m .r . , m .s . ^s in  ( c )  ahove.
T . l . c . on alumina; 50f  e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .7 1
(vr, c i s ) ,  0 .6 0  ( s ,  t r a n s ) .
( e )  " S o lv o ly s is  o f  a 7 0 :3 0  m ixture o f  2 - i s o p r o ^ y l  c y c lo h e x y l  
t o l u e n e —p—su lp h on ate  (2 1 3 ,  c i  s , 14/-5 214, t r a n s , S 6 f )  and
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c i s  2- i s o p rop y l c y c lo h e x a n o l  ( l 4 l )  'gave no t e r t i a r y  amine p ro d u ct ,  
the on ly  d e t e c t a b le  p ro d u cts  b e in g  o l e f i n  and t o lu e n e -p - s u lp h o n ic  
acid# Normal work-up rave two f r a c t i o n s : — i#  an a c id  e x t r a c t  
shown by t . l . c #  and i . r .  t o  c o n ta in  on ly  p i p e r i d i n e ,  and i i .  an 
e th e r  e x t r a c t ,  c o n ta in in g  o l e f i n ,  c i s  a lc o h o l  ( l 4 l ) ? and t o l u e n e -  
p -su lp h o n ic  a c id .
I . r . i .  BBOOcr-T1 ( v s ,  vN-K)
i i .  (cm"1 ) 3400 (v s ,-y O -H ) ,  3020 (m ,v C -H , a lk e n e ) ,
1650 (w, vC=C), 1160 , 1050 ( s ,  v S 0 2 ) ,  960 ( s ,
■ *
vC-0,£0-H).
T . l . c . ch loro form , R . f .  0#7» 0 . 6 ,  0 . 3 - 0 . 0  ( s t r e a k ) .
( f )  S o l v o l y s i s  o f  4 - i s o p r o p y l  c y c lo h e x y l  to lu e n e -p - s u lp h o n a te  
( 21 5 , c i s , 17f ;  2 1 6 , t r a n s , 83# ;  5g«) gave 2 . 1g .  ( 59# y i e l d )  o f  
N - ( 4 - i s o p r o p y l  c y c lo h e x y l )  p ip e r id in e  (1 9 5 ,  c i s , 75#> 196 > t r a n s , 
255"), b .p .  69-71°C/20mm.
I . r . 1150 , 1115, 1100 ( m ,v C -N ) .
N .m .r .  £ 2 . 4  (4H, com olex) )
* ) CH, CH oc t o  N
2 .0  ( lH ,  complex) )
1 . 7 - 1 . 2  ( l 6H, complex) CH, CH2
0 .9  ( 6H, d , J=6H z .) (CH3 ) 2CH
M .s . M+ a t  m/e 2 0 9 .
T . l . c .  on alumina; 5Of e t h y l  a c e t a t e :  p e t r o l ,  R . f .  0 .7 0
( s ,  c i s ) ,  0 .6 5  (w, t r a n s ) .
( g )  S o l v o l y s i s  o f  c i s  4 - i s o p r o p y l  c y c lo h e x y l  to lu e n e -p - s u lp h o n a te  
(215;  2 g . )  gave 0 . 7 % .  (555 y i e l d )  o f  IT-(trans 4 - i s o p r o p y l  
c y c lo h e x y l )  p ip e r id in e  (1 9 6 ,  91# t r a n s ) .  P u r i f i c a t i o n  o f  t h i s  
amine by dry-colum n chromatography (Grade 3 b a s ic  alumina; 50#  
e t h y l  a c e t a t e :  p e t r o l )  gave 0 . 68g .  ( 07f  rec o v ery )  o f  c o l o u r l e s s  
n e e d l e s ,  m .p. 1 0 0 . 1- 1 0 0 .'7 '°C, which were shown (by g . l . c . ) ,  somewhat
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s u r p r i s in g ly  in  vie-1.; o f  th e  sharp m .p. ob served , t o  have th e  same 
epimer d i s t r i b u t i o n  as th e  "crude” m a t e r ia l .
I « r . ,  n .m .r . , n . s . a s  in  ( f )  above.
T . l  . c . on alumina; 50/' e th y l  a c e t a t e :  p e t r o l ,  R . f .  0 .7 0
( vj,  cis), O.65 (s, trans).
(h ) S o l v o l y s i s  o f  t r a n s  4—t e r t . b u t y l  c y c lo h e x y l  t o lu e n e —n-
su lp hon ate  ( 220 ; 9 *2g . )  rave 2 . 3g .  (359 y i e l d )  o f  IT-(c i s  4 - t e r t . b u t y l
c y c lo h e x y l )  p ip e r id in e  ( 1 9 7 ) ,  b .p .  140- 14l ° C / 25mm.
I . r . (cm”'1 , COi^ s o lu t io n )  1145, 1120, 1105 (m, vC -N)
N .m .r .  ^ 2 .4  (4H, conrolex) )
) CH, CH0 o c t o  II, CH on C_,C_.
2 .1  (3H, complex) ) “  “ 2 “ SX 3 5
1 . 8 - 1 . 0  (13H, complex) . CH, CH
0 .9  (9H, s )  • ( ch3 ) 3c
M .c. ?*+ a t  m/e 22 3 .
T . l . c .  on alumina; 5 0 /  e t h y l  a c e ta te s  p e t r o l ,  R . f .  0 .9 1
M  S o l v o l y s i s  o f  c i s  4 - t e r t  .b u ty l  cjz-clohexyl to lu e n e -p -c u lp h o n a te  
(2195 lO g .)  gave 2 .8 g .  (3S$ y i e l d )  o f  N - ( tr a n s  4 - t e r t .b u t y l
c y c lo h e x y l )  p ip e r id in e  ( 19^ ) ,  b .p .  136-137°c/30mm.
R e c r y s t a l l i s a t i o n  o f  th e  d i s t i l l e d  m a te r ia l  from hexane gave
m .p. 5 6 .5 -5 7 * 9 ° c *
I . r .  (cm” 1 ,' CCl^ s o lu t io n )  1155 , 1105 (m,-yC-Tl)
N .m .r .  6 2 . 4  (4H, conrolex) )
  ) CH, CH^ oc. t o  IT
2 .1  ( lH ,  complex) )
1 .7  (4H, complex) CH^ t o  N
1 . 4 - 1 . 0  ( l l H ,  complex) CH, CH^
0 . 9  (9H, s )  ( ^ 3 ) 3°
K .s .  K+ a t  m/e 223 .
T . l . c .  on alumina; 50^ 1 e th y l  a c e t a t e :  p e t r o l ,  R . f .  0 . 6 3 .
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T a r t C  R e a c t i o n s  o f  6~ i s o p r o p y l  c y c l  o h e x - 2 - e n - l ~ y l  e s t e r s  ( 40 ,
8 4 , 8 5 , 8 7 ) wi t h  p i p e r i d i n e ,
1 ,  G eneral method s ,
( a )  R e a c t io n s  in  th e  absence o f  s o l v e n t .
A s o l u t i o n  o f  th e  e s t e r  (5 0 mS«) i n  f r e s h l y  d i s t i l l e d  p ip e r id in e
( 8Ctyjl.),!. c o n ta in e d  in  a t e f lo n -c a p p e d  s e a le d  tube was h e a te d  a t  
o 14
130 C f o r  24h. A f te r  c o o l i n g ,  th e  r e a c t io n  m ixture v:as tak en  
up i n  n .p en ta n e  (5 m l.)  and f i l t e r e d  through C e l i t e ,  D i s t i l l e d  
w ater ( l m l . )  was added and th e  m ixture was shaken, th en  c e n t r i f u g e d ,  
and th e  w ater was drawn o f f .  The pentane e x t r a c t  was d r ie d  hy 
p a ssa g e  through Ua^CO  ^ and evaporated  by a stream o f  n i t r o g e n  tQ 
g iv e  a m ixture o f  p ro d u cts  and u n rea cted  e s t e r s .
H ydrogenation  (P tO ^ /m eth an o l/l  atmosphere H2/2 5 °C )  a f fo r d e d  
th e  corresp on d in g  p ro d u cts  and e s t e r s .
NOTES, ( l )  The work-up procedure d e s c r ib e d  had, a lr e a d y ,  been
shown, by t r i a l  exp erim en ts  in v o lv in g  the  s o l v o l y s i s  o f
3 *5 >5- i r i m e t h y l  c y c lo h e x - 2- e n - l - y l  2 , 6-d ic h lo r o b e n s o a te  ( 175.) in
1Ap iy je r id in e ,  t o  be s u p e r io r  to  th a t  employed by Stork  and W hite.
( 2 )  The e f f i c i e n c y  o f  th e  work-up procedure vrns ch eck ed , a t  
each s t a g e ,  by g . l . c .  ( s e e  l a t e r ) .
( * )  R e a c t io n s  in  m—x y le n e  s o l u t i o n .
A s o l u t i o n  o f  th e  e s t e r  (lOmg.) and p ip e r id in e  (9 /> l . )  in  
m -xylene ( lO O jj l . ) ,  in c o r p o r a t in g  w /v  o f  C20H42 as an i n t e r n a l  
s ta n d a rd , was s e a le d  in  a t e f l o n —capped tube and h ea ted  a t  
tem p era tu res  from 100°C to  145°c j f o r  v a ry in g  t im e s .  I n  i n i t i a l  
e x p e r im e n ts ,  th e  work—up p roced ure , above, was u s e d ,  w n i le  la .ter  
s t u d i e s  employed d i r e c t  i n j s c i i o n  o f  th e  r e a c t io n  m ixture i n t o  th e
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g . l . c .  column.
During th e  f i r s t  few  hours o f  r e a c t io n ,  hovrever, e x c e s s i v e  
" t a i l i n g "  "by p ip e r id in e  i n t e r f e r e d  w ith  th e  a n a l y s i s .  Washing th e  
a n a l y t i c a l  sample ( i n  200yuOL. o f  e th e r )  w ith  5CjjOL. o f  d i s t i l l e d  
w ater sep a ra ted  th e  p ip e r id in e  from th e  t e r t i a r y  amine p r o d u c ts ,  
a l lo w in g  d i r e c t  i n j e c t i o n  o f  th e  e t h e r e a l  s o l u t i o n .
As ahove, th e  p ro d u cts  and s t a r t i n g  m a te r ia l s  were a n a ly sed  
b e fo r e  and a f t e r  h y d ro g en a t io n .
2 .  A n a ly s is  o f  p rod u cts  end s u b s t r a t e s .
( a )  P r o d u c ts .
( i )  G . l . c .
s
The r e a c t io n  p ro d u cts  were an a ly sed  by g . l . c .  on th r e e  
se p a ra te  columns and, a f t e r  h y d ro g en a t io n , were c o i n j e c t e d  on th e s e  
th r e e  columns w ith  a u th e n t ic  samples o f  D - (4 - i s o p r o p y l  c y c lo h e x y l )  
p i p e r i d i n e s  (l95>  1 9 6 ) ,  2 - i s o p r o p y l  c y c lo h e x a n o ls  (1 4 1 ,  1 3 8 ) and 
4 - i s o p r o p y l  c y c lo h e x a n o ls  ( 2 0 1 , 203) .
T y p ic a l  g . l . c .  t r a c e s  from r e a c t io n  o f  th e  c i s  and tr a n s  
6—is o p r o p y l  c y c lo h e x —2—e n - l - y l  3 >5"£inr tr o b e n z o a te s  (8 4 ,  8 3 ;
F ig u re  9 ) and t h e i r  t r a n s  2 , 6-d ic h lo r o b e n z o a te  analogue (AO;
F ig u r e  10) have a lr ea d y  been shown. The s e p a r a t io n  o f  a l l  th e  
p ro d u cts  on th e  most e f f e c t i v e  g . l . c .  column i s  shown b e low .
G . l . c . 5f  Carbowax 20M + i f  KOH; 150°C; n i t r o g e n  2 0 ? . s . i .
R . i . 1780 1805 1845 1895 1930 1980 2005 2015
amines -  2 2 7 ,2 2 8  -  229 43 ? ?
a l c o h o l s  98 -  99*23? 233 -  ~ “ ~
The o th e r  columns were l e s s  e f f e c t i v e ,  f a i l i n g  to  sep a ra te  
th e  6 -a m in es  ( 2 2 7 , 228 ) from c i s  6 - a l c o h o l  (£ 8 ) ,  a lthough  th e y
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d id  c l e a n l y  sep a ra te  th e  4 -am ines ( 2 2 9 , 43) from one another  and 
from th e  o th er  p r o d u c ts .
The s e p a r a t io n  o f  th e  amine p r o d u c ts ,  hoth "before and a f t e r  
h y d ro g en a t io n ,  i s  shown more c l e a r l y  “by th e  a n a ly s i s  o f  th e  r e a c t io n  
p ro d u cts  and h y d rogen ation  prod u cts  from 6 - is o p r o p y l  
c y c l o h e x - 2 - e n - l - y l  2 ,6 -d ic h lo r o b e n z o a te  ( 4 0 ) ,  s in c e  no a lc o h o l s  
were formed, u s in g  t h i s  s u b s t r a t e .
G . l . c . 5^ Carbowax 20M + l £  KOH; 145°C5 n i t r o g e n  2 0 p . s . i .
* **
R . i .  1730 1805 I 89O 1930 1980 2010
r e a c t io n  p rod u cts  £  -  13 -  22 65 -
hydrog^ p rod u cts  £ 6  8 23 -  -  63
5i '  Carbowax 20M + Y f -  p o ly e th y le n e im in e  (PE I); 100°C; 
n it r o g e n  20p . s . i .
R . i .  1475 1495
r e a c t i o n  p rod u cts  f  6 7
hydrog^ p rod u cts  f 6 8
10^ Carbowax 20M + 2^ PEI; 130°C; n i t r o g e n  2 0 p . s . i .
*
R . i .  1600 1650 I 695 1740 1775 lBOO
r e a c t io n  p rod u cts  f .  13 -  22 65 -
hvdrog^ p rod u cts  fv 6 8 23 -  -  63
None o f  th e  columns employed e f f e c t e d  a s e p a r a t io n  o f  th e  
t r a n s  6 -  and c i s  4 - i s o p r o p y l  c y c lo h e x - 2- e n - l - o l s  ( 0 9 , 2 3 2 ) .
However, h yd rogen ation  o f  th e s e  to  t h e i r  s e p a r a b le ,  s a tu r a te d  
a n a lo g u es  a llow ed  t h e i r  e s t im a t io n ,  ( a s  1 3 8 , 201)
* shown t o - b e  N - ( c i s  4 - i s o p r o p y l  c y c lo h e x y l)  p ip e r id in e  ( 229 )
* *  shown t o  be IT-(t r a n s  4 - i s o p r o p y l  c y c lo h e x y l)  p ip e r id in e  (43)
1 4 2
1520 1570 1610 
22 65
23 -  65
G. 1 . c . 5/ Oarbowax 20M + 1®: KOH; 130°C: n i t r o g e n  2 0 o • s • i •
R . i .  1765 I 78O 1790 1815 1845 1895
•u n sa t ,  a l c o h o l s  -  98 -  -  9 9 ,2 3 2  233
s a t ,  a lc o h o l s  141 -  138 201 203
( i i )  G .c . - m . s .
The r e a c t io n  p ro d u cts  and h yd rogen ation  p ro d u cts  were 
a n a ly sed  hy £ . c . - m . s .  ( u s in g  a 5 f  Carbowax 201! + i f ?  KOH column)
R . i  • 1780 1805 1845 1^95 1930 1980 2005 2015
TI+ (m/e) 140 207 140 140 207 207 127 113
amines - 227 ,228 - 229
Q
*> •>
a lc o h o l s 98 -  99 ,232 233 - - - -
Fragm entation  schem es: -
N - (4 - i s o p r o p y l  c y c lo h e x - 2- e n - l - y l )  p ip e r id in e s  ( 22 9 , 43) 5 m/e (£.)
207 ( 1 4 ) ,  192 ( 7 ) ,  179 ( 2 7 ) ,  165 ( 1 5 ) ,  164 ( 100) ,  137 ( 9 8 ) ,  122 ( 3 3 ) ,  
86 ( 2 2 ) ,  84 ( 3 0 ) ,  79 ( 2 9 ) .  See F igu re  11 .
H - (6 - i s o p r o p y l  c y c l o h e x - 2 - e n - l - y l )  p ip e r i d i n e s  ( 22 7 , 2 2 8 );  m/e ( f . )
207 ( 6 ) ,  179 ( 2 ) ,  164 ( 5 ) ,  138 ( 1 2 ) ,  137 ( 1 0 0 ) ,  136 ( 8 ) ,  123 ( 7 ) ,
122 ( 6 3 ) ,  95 ( 8 ) ,  84 ( 9 ) ,  81 ( 8 ) ,  80 ( 1 0 ) ,  79 ( 1 3 ) .  See F iyure  1 1 .  
4 -  and 6-irsopropyl o y o lo h e x - 2 - e n - l - o l s  (9 § ,  9 9 ,  2 3 2 , 2 3 3 ) .  m/e ( ' )
140 ( 4) ,  122 ( 1 4 ) ,  98 ( 2 4 ) ,  97 (4 8 ) ,  91 ( 1 4 ) ,  81 ( 1 6 ) ,  80 ( 29 ) ,
79  ( 3 9 ) ,  70 ( 1 0 0 ) .
■ u nidentif ied  compounds; R . i .  2005; m/ e ( f - )  127 ( 7 4 ) ,  126 ( 1 3 ) ,
113 ( 8 ) ,  112 ( 19 ) ,  85 ( 2 0 ) ,  84 ( 8 7 ) ,  70 ( 3 7 ) ,  t>s.se peak a t  43 ( 1 0 0 ) .
R . i .  2015; m/e ( f )  113 ( 1 0 0 ) ,  112 ( 3 4 ) ,  98 ( 3 4 ) ,  85 ( 15 ) ,  84 ( 4 5 ) .
(* )  S u b s tr a te s .
The e s t e r  s u b s t r a t e s  (4 0 ,  § 4 ,  8 5 , 8 7 ) were u n s u i t a b le  f o r  
d i r e c t  r . l . c .  a n a ly s i s  and w ere, t h e r e f o r e ,  examined as  th e  a l l y l i c  
a lc o h o l s  ( 9 8 , 9 9 ,  232 , 233) r e s u l t i n g  from t h e i r  r e d u c t io n  by LAH. 
i n  e t h e r ,  a t  25°C. The g . l . c .  a n a ly s is '  o f  t h e s e  a l c o h o l s  has
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a lr ea d y  "been shown ( p .  141) • 'In p r a c t i c e ,  th e  measured areas
$ f  th e  g . l * c .  peaks corresp on d in g  to  th e s e  LAH r e d u c t io n  p rod u cts  
was a com posite  o f  a l c o h o l s  a r i s i n g  from two d i f f e r e n t  s o u r c e s ,  v iz *  
from LAH r e d u c t io n  o f  r e s id u a l  e s t e r  in  th e  r e a c t i o n  m ix tu re ,  and 
from a m in o ly s is  o f  e s t e r  hy p ip e r id in e *  Thus, in  order* to  
determ ine th e  com p osit ion  o f  th e  a v a i l a b l e  e s t e r  "pool" a t  any 
s ta g e  o f  r e a c t io n ,  i t  was n e c e s sa r y  t o  s u b tr a c t  th e  amounts o f  the  
v a r io u s  a lc o h o l s  formed by a m in o ly s is  (o b ta in e d  from g * l * c .  o f  the  
r e a c t io n  m ixture b e fo r e  LAH r e d u c t io n )  from th e  amounts o f  a lc o h o l s  
d e t e c t e d  a f t e r  LAH r e d u c t io n .o f  th e  r e a c t io n  mixture*
T h is  a n a l y s i s  showed th a t  th e  o r i g in a l  e s t e r s  (4 0 ,  8 4 , 8 5 , 87 ) 
were not s t a b l e  under th e  r e a c t io n  c o n d i t io n s ,  u ndergoing  
e p im e r is a t io n  and a l l y l i c  rearrangement*
3* R e s u l t s .
(a )  Product d i s t r i b u t i o n  and e s t e r  c o m p o s it io n  during  r e a c t io n *
The r e l e v a n t  data  have a lr ea d y  been re p o r te d  (F ig u r e s  1 2 -1 6 ,  
T a b les  1 5 -1 7 )  and w i l l  n o t ,  t h e r e f o r e ,  be rep ea ted*
(* )  I s o m e r is a t io n  o f  su b s tr a te s *
( i ) In  p resen ce  o f  p i p e r i d i n e •
The e s t e r s  were shown t o  i s o n e r i s e  during th e  cou rse  o f  r e a c t io n
by a n a ly s in g  th e  r e s id u a l  e s t e r  a t  v a r io u s  s t a g e s  o f  th e  r e a c t io n *
( se e  2 (b )  a b o v e ) .  The r e s u l t s  o b ta in ed  have a lr e a d y  been  used
(F ig u r e s  14> 16 , 20; T ab les  16b, 18 , 19> 21} and w i l l  not be
repeated*
( i i )  In  absence o f  p ip e r id in e *
By perform ing r e a c t i o n s ,  as  b e f o r e ,  but w ith ou t p i p e r i d i n e ,  
i t  was shown th a t  th e  e s t e r s  is o m e r ise d  ( s e e  F ig u r e  15 , 20; T ab les
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19 , 21).
A d d it io n  o f  5 drops o f  2 , 2 , 2 - t r i f l u o r o e t h a n o l  to  th e  r e a c t io n  
m ixture was shown t o  in c r e a s e  the r a t e  o f  i s o m e r i s a t io n  to  a sm all  
e x te n t  (F igu re  15)*
Both o f  th e s e  s t u d i e s  were accompanied by e s t e r  d ecom p osit ion  
r e a c t i o n s .  G .c . - m . s .  s t u d i e s  showed th e  major product  
t o  be polym ers o f  th e  d ien e  ( l 8 o ) .  m/e ({:) 122 (lO O f), 121 (22f:) ,  
107 ( 7 # ) »  93 ( 5 4 * ) ,  91 ( 5 2 £ ) ,  79 ( 505' ) ,  77 ( 56£ ) .
A d d it io n  o f  t r ie th y la m in e  (9/>l«) "to th e  r e a c t io n  m ixture in  
p la c e  o f  p ip e r id in e  su pp ressed  th e  e s t e r  d eco m p o s it io n .  (F ig u r e s  
1 6 ,  20; T a b les  19 ,  2 l ) .
( c )  I s o m e r is a t io n  o f  p r o d u c ts .
M ixtures  c o n ta in in g  o n ly  th e  amine r e a c t io n  p rod u cts  were 
o b ta in ed  by ta k in g  up th e  r e a c t io n  m ixture i n  e th e r  and e x t r a c t i o n  
w ith  d i l u t e  HC1. B a s i f i c a t i o n  o f  th e  a c id  e x t r a c t ,  f o l lo w e d  by  
e th e r  e x t r a c t i o n ,  washing w ith  b r in e ,  TTa^ CO^  d r y in g ,  and 
e v a p o r a t io n  by a stream o f  n i t r o g e n  gave amine m ix tu res  f r e e  o f  
a lc o h o l s  and e s t e r s .
G . l . c .  5$ Carbowax 20M + 1$ KOH; 145°C; n i t r o g e n  2 0 p . s . i .
R . i .  1805 1930 19S0
m ixture \  j  17 24 59
m ixture 2 £  31 50 19
IDENTITY 227 , 228 229 43
These m ix tu res  were s e a le d  in - t u b e s ,  t o g e t h e r  w ith  ap p ro p r ia te  
q u a n t i t i e s  o f  p ip e r id in e  and m-xvlene ( c o n ta in in g  1 ’^n,C H^ 9 as  
an i n t e r n a l  s ta n d a r d ) ,  and h e a te d ,  a t  1’23°C, f o r  43h . G . l . c  
a n a l y s i s  showed th a t  no change in  th e  c o m p o s it io n  o f  th e  amine 
m ix tu res  had occurred  and th a t  th e  amines w ere, t h e r e f o r e ,  s t a b le  
t o  i s o m e r i s a t io n  under th e  r e a c t io n  c o n d i t io n s .
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(d ) R e r c t io n  o f  t r a n s  4—i^ o o r o o y l  Tg^clohex—2—or—1—y l  
• 3 ,5 - f l in i t r o b e n s o a t e ( 24-2 ) w ith  o ip e r i d i n e .
A s o l u t i o n  o f  trr-ns 6—i s o propyl c y c lc h e x —2 - e n - l  - y l  
3 , 5 “4 .in itro b en zo a te  ( 8 5 ; 97ff t r a n s ,  3<! c i s ; 20m g.) in  m -xylene  
(200^xL; Iff w/v n#c*20^A2^ was s e a -*-e(  ^ a "tohe hea.ted, a t  123°C, 
f o r  l 6h . ,  when g . l . c .  showed th e  e s t e r  to  he a m ixture o f  t r a n s  
6- e s t e r  ( 8 5 ; 90^ ) ,  c i s  6- e s t e r  (§4; 3/*)» trr-ns 4- e s t e r  ( 2 4 2 ; 
i f ) *  R e a c t io n  o f  t h i s  m ixture w ith  p ip e r id in e  ( l 6j j l . ) ,  a t  123°C, 
was m onitored by g . l . c .  and shown t o  f i v e  ap p rox im ate ly  i f  more 
c i s  4-amine (229) than  e q u iv a le n t  exp erim ents  performed w ith  97ff 
pure t r a n s  6- e s t e r  (85) as  s u b s tr a te  ( s e e  F ig u r e  19)*
4* K in e t ic  s t u d i e s .
(a )  G eneral method.
A m ixture o f  e s t e r  (84  or 8 5 ; 5 or 10mg.) and p ip e r id in e
( 4*5 or 9 p l * )  in  m -xylene ( 100^1 . )  c o n ta in in g  i f  w /v n .C ggH ^ as
in t e r n a l  standard  was s e a le d  in  a t e f lo n -c a p p e d  tube and m ain ta in ed  
a t  123 ^ 1°C i n  a th e r m o s ta t te d  o i l -b ? - th .  Samples were removed 
p e r i o d i c a l l y  and th e  4-am ine ( 2 2 9 , 43) c o n c e n t r a t io n s ,  r e l a t i v e  to  
th e  in t e r n a l  stan d ard , were determ ined by g . l . c .  ( 5f  Carbowax 20R 
+ 1f  KCH; 145°C; n i t r o g e n  2 0 p . s . i . ) ,  u t i l i s i n g  ( i )  d i r e c t  i n j e c t i o n  
and ( i i )  i n j e c t i o n  o f  a sample pre-washed w ith  w ater ( s e e  p .  1 4 1 )
G . l . c .  r esp o n se  f a c t o r s  f o r  th e  v a r io u s  compounds (2 2 9 ,  4 3 ,  9§ ,  99 ,  
2 3 2 , 233) were not -ob ta in ab le  because  the r e l e v a n t  compounds co u ld  
n ot be s e p a r a t e ly  exam ined, but i t  was assumed th a t  th e  resp o n se  
f a c t o r s  o f  th e  most im portant compounds, th e  ep im er ic  4-am in es  
( 2 2 9 , 4 3 ) ,  would be th e  same.
146
(b ) R e s u l t s
• ( i )  P rod u ction  o f  ?T- (  4 - i s o p r o p y l  c y c l o h e x - 2 - e n - l - y l )
> p ip e r i d i n e s  ( 229 , 4 3 ) •
I t  was found t h a t ,  in  any s i n g l e  exp er im en t, th e  v a r i a t i o n  
o f  amine c o n c e n tr a t io n s  and fu n c t io n s  th e r e o f  ( e . g .  [am inej,
I n .  [a m in ej , 1/  famine] ) w ith  tim e e x h ib i t e d  complex behav iour  
from which k i n e t i c  param eters co u ld  not be o b ta in e d .  S im i l a r ly ,  
c a l c u l a t i o n  o f  th e  s p e c i f i c  f i r s t -  and secon d -ord er  r a te  c o n s ta n t s  
from th e  form ulae below  f a i l e d  to  show c o n s i s t e n c y  and, t h e r e f o r e ,  
y i e l d e d  no m eaningfu l k i n e t i c  in fo r m a t io n .  A lthough d is a p p o in t in g ,  
such f in d in g s  were not s u r p r is in g  i n  v ie w  o f  th e  co m p lex ity  o f  th e  
r e a c t in g  system  (F igu re  8 ) .
k^ = l / t  • I n .  a / ( a - x )  kg = l / t ( b - a )  . I n .  a ( b - x ) / b ( a - x )
where k^ = s p e c i f i c  f i r s t - o r d e r  r a t e  c o n s ta n t  
k^ = s p e c i f i c  seco n d -o rd er  r a t e  c o n s ta n t  
t  = t im e ( h . )
a = i n i t i a l  c o n c e n tr a t io n  o f  e s t e r  ( m o l e . l i t r e  
b = i n i t i a l  c o n c e n tr a t io n  o f  p ip e r id in e  ( m o l e . l i t r e - ^) 
x  = c o n c e n tr a t io n  o f  amine a t  tim e t  ( m o l e . l i t r e  
S im i la r ly  u n s u c c e s s f u l  were p l o t s  o f  f u n c t io n s  o f  th e  e s t e r  
c o n c e n tr a t io n  ( [ e s t e i ]  , I n .  [ester]  , l /  [ester]  ) v e r s u s  t im e ,  as  
determined, a f t e r  LAH r e d u c t io n  ( s e e  p .  143)
However, by perform ing r e a c t io n s  w ith  d i f f e r e n t  i n i t i a l  
c o n c e n tr a t io n s  o f  e s t e r  and p i p e r i d i n e ,  the r e a c t i o n  r a t e s  and 
order co u ld  be determ ined by g r a p h ic a l  methods. The r e s u l t s  
from t h e s e  exp er im en ts  have a lrea d y  been u t i l i s e d  (F ig u r e s  2 3 ,  24; 
Table 23) and w i l l  n o t ,  t h e r e f o r e ,  be r e p e a te d .
NOTE *( i )  Because o f  th e  sm all s c a l e  o f  t h e s e  experim ents  ( v i s .
5 or lOmg. e s t e r ;  4 .5  or 9 jj l .  p ip e r id in e )  a c c u r a te  measurement o f
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th e  i n i t i a l  c o n c e n tr a t io n  o f  e s t e r  and p ip e r id in e  was im portant*
To a l lo w  comparison o f  r e s u l t s  from d i f f e r e n t  e x p er im en ts ,  th e  
i n i t i a l  e s t e r  c o n c e n tr a t io n ,  r e l a t i v e  t o  i n t e r n a l  s tan d ard , was 
d eterm ined , as ahove, by g . l . c .  T h is  f ig u r e  was th en  "norm alised"  
t o  500#  o f  th e  in t e r n a l  standard  by a p p l i c a t i o n  o f  a s u i t a b l e  
m u l t i p l i e r .  I d e n t i c a l  m u l t i p l i c a t i o n  o f  th e  measured amine 
c o n c e n tr a t io n s  during th e  en su in g  r e a c t io n  gave c o r r e c te d  r e s u l t s  
which co u ld  be compared w ith  th o se  from o th e r  ex p er im en ts ,  
in v o lv in g  d i f f e r e n t  i n i t i a l  c o n c e n tr a t io n s .
NOTE ( i i )  Because o f  th e  in h ere n t  la c k  o f  p r e c i s i o n  i n  th e  
k i n e t i c  s t u d i e s  r e p o r te d ,  i t  i s  in ten d ed  t h a t  th e  k i n e t i c  
param eters ob ta in ed  be ta k e n ,  e s s e n t i a l l y ,  a s  b e in g  f o r  com parative  
purposes  w ith in  t h i s  study  r a th e r  than  as  a b s o lu t e  v a l u e s .
NOTE ( i i i )  Because o f  th e  co m p lex ity  o f  th e  r e a c t in g  system , on ly  
i n i t i a l  re /tes  and r a t e  c o n s t a n t s  c o u ld  be c a l c t i l a t e d .  These were 
o b ta in ed  from th e  graphs o f  amine c o n c e n tr a t io n  v e r s u s  t im e shown 
i n  F igu re  2 3 ,  by measuring th e  tan gen t to  th e  curve a t  tim e t= 0 .
The s lo p e  o f  t h i s  i s  equal t o  th e  i n i t i a l  r a t e  o f  the  r e a c t i o n ,  
and, based  on th e  assum ption th a t  th e  resp o n se  f a c t o r s  f o r  th e  
amines ( 2 2 9 , 43) are equal t o  th a t  o f  th e  i n t e r n a l  s tan d ard , th e  
r a t e  and r a te  c o n s ta n t  can be d eterm ined . (T h is  assum ption  i s  
v a l i d  f o r  comparison o f  th e  r a t e s  o f  th e  r e a c t i o n s  o f  th e  c i s  ( 229) 
and tr a n s  amines (43 )  but may no be so f o r  com parison  of- t h e s e  
w ith  o th e r  compounds).
A t y p i c a l  c a l c u l a t i o n  i s  s e t  out be low .
From F igure  2 3 ,  u s in g  lOmg. e s t e r  and 9/>I* p i p e r i d i n e ,
S lope o f  ta n g en t  a t  t=0  i s  [ tran s  4 -a m in e ] / t
88 5.75?: in t e r n a l  stand ard  / h .
—2 —1
in t e r n a l  standard  = lO Cm g./lO nl. = 3 .5 5 * 1 0  m o l e . l i t r e
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t h e r e f  03’e , 5*75^ o f  in t e r n a l  . s t .  = 2 . 0 4 x l C f ~ n o l e . l i t r e " 1 
Rate o f  r e a c t io n  = 2 .0 4  x 1 0 ~ ^ m o le . l i t r e " 1 .h"1 .
Rate c o n s ta n t  = k = R ate/ljnJ^. [pipJ0
where D 0 Q = i n i t i a l  c o n c e n tr a t io n  o f  e s t e r  ( m o l e . l i t r e " 1 } 
and [pin] = i n i t i a l  c o n c e n tr a t io n  o f  p ip e r i d i n e  ( m o l e . l i t r e " * )  
DO = 10mg./l0Cty)l. = 0 . 3 m o l e . l i t r e  *
[pip] = 9 p \ » / \ 0 0 p l .  = 1 .1  mole . l i t r e " *  
t h e r e f o r e ,  k = ( 2 .0 4 / 0 . 3 ^ 1 . l )  x  10  ^ l i t r e . m o l e " * . h . ” *
i . e .  k = 5*7 2: 10 ^ l i t r e .m o l e  * . h .  *
( i i )  P rod u ction  o f  6 - i s o p r o r y l  c y c lo h e x -2 —e n - l - o l s  (98; 9 9 )« 
Comparative r a t e s  o f  form ation  o f  c i s  (9§) and tr a n s  (99) 
a lc o h o l s  from a m in o ly s is  o f  c i s  6 - e s t e r  (P4) a,nd t r a n s  6 - e s t e r  .(8 5 )? 
r e s p e c t i v e l y ,  were o b ta in ed  hy p l o t t i n g  the  c o n c e n tr a t io n  o f  t h e s e  
a lc o h o l s  v e r s u s  tim e , a f t e r  n o r m a lisa t io n  o f  th e  i n i t i a l  * 
c o n c e n tr a t io n s  o f  e s t e r s .  However, i n i t i a l  r a t e  c o n s ta n t s  and 
r a t e s  c o u ld  not he determ ined because o f  the complex k i n e t i c  
b eh av iou r  o f  th e  r e a c t io n s  producing t h e s e  compounds.
The r e l e v a n t  r e s u l t s  have a lr e a d y  been shown i n  g r a p h ic a l  
form and vri.ll n o t ,  t h e r e f o r e ,  be r e p e a te d .
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